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ABSTRACT 


"Ihreo inch diamoter C/ochralskl silicon substrates sliced directly to 
‘> mil, 8 mil, and 27 mil thicknesses with wire saw techniques were procured. 
Processing sequences Incorporating either diffusion or ion implantation 
technologies were employed to produce n+p or n+pp+ solar cell structures. 
These cells were evaluated for performance, ease of fabrication, and cost 
effectiveness. It was determined that the use of 7 mi I or even 4 mil wafers 
would provide near term cost reductions for solar cell manufacturers. 
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1.0 


SUMMARY 


This contract was for the Investigation, development, and character I zh Mon 
of methods for establishing production-ready manufacturing processes which 
utilize thin substrates for solar cells. The thin silicon substrates used for 
these investigations were sawed directly from three Inch diameter Ingots to 
thicknesses of 8 mils and 5 mils. Wafers sliced to 17 nils were employed as thicK 
substrate reference samples. Sodium hydroxide etching techniques were used to 
prepare substrates with thicknesses ranging between the 5, 8, and 17 mil values. 
Wafers as thin as 3.9 mils were processed. 

It was concluded, in general, that by choosing an appropriate processing 
sequence, exercising adequate care in handling, and providing sufficient start- 
up time to transcend the learning period, the thinnest wafers could be handled 
with yields only marginally smaller than those of the thickest wafers. Based 
on wafer slicing and processing yields anticipated for full scale production 
operations, it is cost effective to use even the thinnest wafers. 

Several possible processing techniques were considered. A baseline process 
sequence using phosphorus diffusion was established for n+p type solar cells. 

This Is perhaps the simplest process, corresponding to common Industry practices 
today. It was determined that, in agreement with theory, cell performance (both 
voltage and current) decreases steadily as substrate thickness is decreased. 
Nevertheless, even for this simple cell structure It was shown that the thinner, 

A mil wafer? would be most cost effective. 

Numerous ariations on the baseline process were considered, including 
the use of ion implantation to provide phosphorus and boron doping. It was 
determined that by using ion implantation processing, an advanced n+pp+ cell 
structure could be obtained while keeping wafer handling to a minimum. This is 
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important for maximizing yields for the very thin cells. Ion implantation 
techniques were shown to be capable of producing 7 mil cells with performance 
equalling or exceeding 17 mil cells. Based on these considerations, a pilot 
process sequence Incorporating boron and phosphorus Implants was established. 

A tota* of 418 wafers, etched to various thickness values which spanned 
the range from 3.9 mils to 16.9 mils, was processed by the pilot sequence. The 
resulting cell test data indicate that solar cell voltage performance can be 
maintained regardless of cell thickness. However, for the process chosen it 
was found that short circuit current tended to decrease slowly for thicknesses 
below 7 mils. One difficulty encountered for the pilot procoss was that too 
few substrates we r e processed to complete the learning experience and establish 
a mature pilot line. This is particularly true for the development of 
routine handling techniques to insure against thin cell breakage. Nevertheless, 
the results of the pilot process tests reinforce the conclusions of thin cell 
cost effectiveness drawn from the baseline cell process. 

It should be noted that this contract dealt primarily with the processing 
of thin substrates. Investigations were not performed with respect to 
slicing techniques. Thin silicon substrates for use in this effort were procured 
from a material supplier (Motorola) where they were produced by present day 
technology. 
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2.0 


i N I KODUCT I ON 


Today, most commercially manufactured silicon solar cells arc fabricated 
on ingot grown and sliced substrates. The ingot technology is primarily the 
Czochralski process. The ingots are sliced, typically with an ID circular saw, 
to form the substrate wafers. As-sawed wafers are chemically etched to remove 
sawing damage present on the surfaces. 

Solar cell substrates prepared utilizing this ingot and sawing technology 
usually have thicknesses of 12 to 15 mi I s. This thickness is dictated by 
conventional substrate preparation yields and process handling cons i derat ions . 
Ixporionco with ID sawing of crystals has shown that sawing yields decrease 
dramatically as the wafer thickness is decreased, primarily due to breakage 
during sawing. Handling of thinner substates during subsequent solar cell 
processing has also shown breakage problems for many current process sequences. 

This is not necessarily true for all processes, and is primarily a result of 
traditional rough and non-automated handling techniques. 

Thicknesses of 12 to 15 mils are greater than needed for good solar cell 
performance. In genera I , the silicon substrate thickness should be comparable 
to the minority carrier diffusion length, for typical Czochralski substrates, 
diffusion lengths are on the order of 100 pm (4 mils) at most. Substrate thickness 
in excess of the diffusion length does not contribute substantially to cell 
performance but serves primarily as mechanical support. This extra support 
thickness contributes heavily to the cost of the completed solar cell since, 
today, silicon material is a major cost driver. 

further problems exist with ID sawing of ingots, namely, kerf loss and saw 
damage. For 3 inch diameter wafers, the kerf loss from ID sawing can be 
expected to be 12 mils or greater. Moreover, surface damage generated on the 
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wafer during sawing can range up to 1 mil deep. This surface damage must be 
removed to achieve an efficient solar cell. This means that approximately 14 
mils of silicon thickness are lost to kerf and saw damage for each substrate cut. 
This amounts to a substantial cost for each solar cell, which is Incurred prior 
to any solar cell processing. It would be very desirable to reduce both wafer 
thickness and kerf loss. 

Several companies are Implementing technologies for multiple-wire sawing of 
silicon ingots, routinely sawing thinner wafers with this technology than is 
possible with traditional ID sawing. These wafers have sawing damage layers only 
6 to 8 urn deep on each surface, less than half the depth of damage In ID sawed 
wafers. Therefore, less etching Is required to remove saw damage. Further, 
this can be done with a kerf loss of 7.5 to 8 mils. Such a slicing technology 
can be used to cut wafers at least as thin as 5 mils. Wafers this thin and with 
such a small kerf loss can have a major cost reduction effect on near-term solar 
cell manufacturing costs, if wafer preparation yields are acceptable and If solar 
cell fabrication processes are employed which minimize wafer handling and 
breakage. 

The possibility of using wafers sawed at 5 mils with a 7.5 mil kerf makes 
the attainment of 1 m of solar cells per kg of starting silicon a realistic 
short term proposition. 

A square meter of silicon t mils thick weighs: 

n-3 


100 cm x 100 cm x t mi Is x 
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in 2.54 cm 2.33_am _ __ 

— x — r- x ■ - y 1 - - 59 t gm. 


mil in cm - 

Allowing for kerf loss, the thinner (5 mil) wafers utilize 12.5 mils of 

crystal; this produces 32 wafers per cm of crystal. Hence, a square meter of 

s i I icon 5 mils thick ut i I i zes 59 x 12.5 = 737.5 gm of si I icon. This a I lows a budget 

of 262.5 gm out of the original 1000 gm of silicon for losses including crystal 

growing, slicing, and solar cell processing. Such a loss - 35^ - is well within 

the bounds of practicality. 
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At current prices for polycrystalline silicon, about $90/kg, the silicon cost 
for such a square meter of 5 mi I thick silicon would be $90. Assuming 14*? encapsulated 
efficiency, which is now a generally accepted goal for single crystal silicon solar 
cell modules, one square meter of silicon would produce 140 watts. This results in a 
cost of $90/kg / 140 watts/kg = 64tf/watt. At a projected intermediate polv- 
crvstalllne silicon price of $25/kg, ; no silicon content of a solar module will 
be less than 184/watt, which is well « ■ ; •• I n the budget for a $2/watt module. At a 
projected long term polycrystalline silicon price of $7. 50/kg, the silicon content 
of a solar module will be about 5£/watt. This figure Is not out of line for a 
bOd/watt budget of about 154/watt each for the silicon substrate, wafer processing, 
and encapsulation. 

The purpose of this contract was the investigation and character ization of 
solar cell fabrication processes which could utilize thin substrates for solar 
cells. The work proceeded on the assumption that thin substrates could be 
nrocured from a material supplier and, thus, did not include technical studies 
or development of sawing techniques. Three inch diameter wafers sliced by 
wire-saw techniques were purchased from the Motorola Semiconductor Group Mater ia Is 
Operation in three as-sawed thickness categories. 17 mils, 8 mils, and 5 mils. 

The 17 mil wafers were received In the as-sawed condition and used as control 
samples. The 8 mi I wafers were received in two groups, one as-sawed and the 
other chem-etched to 7 mils to guarantee saw damage removal. The 5 mi I 
wafers were received only after chem-etching to 4 mils. 

These three thickness categories, when combined with varying degrees of 
surface etching Immediately prior to cell processing, provided a range of 
substrates from today’s conventional wafers to the thinnest wafers deemed 
practical with si iced-ingot technology. These substrates were used with 
various various cell processes to investigate the tradeoffs between processing 
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yields and cell performance as a function of wafer thickness. Processes 
based on both gaseous diffusion techniques and ion iomplantation techniques 
were studied. Both simple (front junction only) ceil structures as well as 
devices incorporating back-surface enhancement layers were considered. In all 
cases, a primary criterion for process sequence choice Was to minimize the 
required wafer handling so as to reduce thin cell breakage and increase yield. 

Working with wafers which are substantially thinner than conventional 
substrates required a learning period, both in the development lab and on the 
production line. The number of cells processed over the duration of this contract 
was too small for an accurate statistical evaluation. It is believed, however, 
that sufficient quantities of material were processed to allow detection of 
all major problems attributed to thin cells and associated with the processes 
investigated. To this end, onough information has been developed to project 
the cost effects of introducing thin substrates into cell process lines in 
production quantities. 

The following technical discussion details the specific investigations completed. 
In general, it has been demonstrated that the use of substrates thinner than 
today's conventional silicon wafers is an effective approach to reducing solar 
cell costs. 
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5.0 


TECHNICAL DISCUSSION 


3. 1 THIN SUBSTRATE PROCUREMENT 

Orders were placed with the Motorola Semiconductor Group Materials Operation 
for thin silicon substrate samples. Sample wafers were sliced from 3 inch 
diameter, p-type (boron doped) Czochralski Ingots of approximately 1 H-cm 
resisitivity. The wafers were sawed to nominally 8 mil and 5 mil thicknesses 
using a multiple-wire saw. After sawing, most samples were chemically etched 
to remove approximately one-half mil from each side to eliminate residual 
sawing damage. Hence, final thickness values were 7 mils and 4 mils. A number 
of the 8 mil as-sawed substrates were delivered before etching. These substrates 
were used for the later "production process" lots as well as for studies on saw 
damage remova I . 

In addition to the thin substrates, wire-sawed (and edge-rounded) wafers 
approximately 17 mils thick were obtained. These wafers were used as control 
samples to approximate the performance of solar cells of conventional thickness. 

The substrates thus procured for testing had excellent statistical 
distributions of wafer thickness and wafer resistivity. Sample measurements 
from the group of 8 mi I as-cut wafers and the group of 4 mi I sawed and etched 
wafers are given in Tables 1, 2, and 3. 

Tables 1 and 2 show thickness measurements made at five positions on each 
wafer tested. The five positions include a center position and four edge positions 
as shown in Figure 1. The average for all thickness measurements on the nominally 
8 mil as-cut wafers is 8.24 mils (standard deviation is 0.18 mils). The average 
for the nominally 4 mil sawed and etched wafers is 4.27 mils (standard 
deviation is 0.10 mils). 
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TABLE 1 



Test wafer thickness measurements for nominal 8 mi I , as-cut wafers. 













TABLE 2 






Test wafer thickness measurements for nominal 4 mil, sawed and etched wafers. 













TABLE 3 

Test wafer resistivity, measured at wafer center with four point probe 











Table 3 shows resistivity measurements made at the center of each wafer 
tested. The average thicknesses stated above were assumed for calculating wafer 
resistivity. Wafers of either thickness have resistivities averaging near 1.2 fl-cm. 

These thin substrates represent what must be considered to be feasibility 
trials in sawing thin wafers. The substrates sawed directly to 8 mils are 
among the first to be produced by Motorola, and those sawed directly to 5 mils 
are the first. The actual waferlng yields obtained with these initial attempts 
are good, but these yields are expected to improve rapidly as experience is 
accumulated. It is anticipated that a yield of 85$ is readily attainable for 
8 mil wafer production. This means that, of the maximum number of available 
wafers per inch of crystal, 0.85 times this number will be achieved. The 
maximum number of wafers per inch is determined by dividing one Inch by the sum 
of the sawed wafer thickness in Inches and the kerf loss. For the process used 
to saw wafers for this contract, the kerf Is 0.0078 inch. At 85$ yield, an inch 
of crystal should yield 63.3 wafers which are 8 mils thick. 

The actual data for two of the wafer procurements made for this contract 
are given below. For the first procurement, wafers were cut to nominally 
8 mils, The actual measured thickness is 8.25 mils. A total of 14.0 inches 
of crystal was sent to be sawed and 438 wafers were delivered. From 14.0 inches, 
the maximum number of wafers available is 872 wafers (62.3 wafers/ 1 nch ) . Thus 
the yield from the initial attempt was 50.2$. This Is equivalent to 31.3 
wafers/ inch. 

For the second procurement, wafers were cut to nominally 5 mils. The 
actual thickness is 5.33 mils. A total of 11.1 Inches of crystal was sent 
to be sawed and 296 wafers were obtained. This represents a yield of 35.0$ 
since 26.7 wafers/inch were obtained while the maximum available was 76.1 
wafers/inch. 
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U INITIAL WAFER I NG COST ANALYSIS 

During the work on this contract, no substantial difficulties were 
encountered in utilizing the same processing sequence for wafer thicknesses 
ranging between 17 mils and 4 mils. This is due, primarily, to the nature of the 
process sequences studied. While initial experiments, as discussed in later 
sections of this report, resulted in lower processing yields for the thinnest 
wafers, this is deemed to be due to the learning experience and is not 
considered to be a future impediment. No reason can be envisioned at this 
time for assuming that the thinnest wafers must result in lower yields in a 
production process. Additionally, it is expected that down to a wafer thinness 
of 4 mils there whould be no loss in solar cell power conversion efficiency 
if the proper cell design features can be employed. 

Accordingly, the principal cost tradeoffs occur in the wafer slicing process. 
If thin wafers can be sliced with reasonable -/u Ids, more substrate area can be 
obtained per kilogram of silicon ingot, thus offecting a cost savings. 

An initial wafering cost analysis has been performed using the J^L/IPEG 
(Interim Price Estimation Guidelines) formulas. The I PEG methodology is 
thoroughly described in JPL Document No. 5101-33. IPEG calculations have been 
made to estimate the price per watt for substrates of three separate thicknesses: 

1 ' mils, B mils, and r > mils. These thicknesses represent a standard reference 
thickness plus the two as-cut thicknesses actually being used for this contract. 
Only present-day, three Inch diameter wafers are considered- 

An important part of this analysis is use of a wire-saw process for slicing 
standard Czochralski silicon ingots. The basic saw prameters, listed in Table 4, 
are obtained both from reported data and in-house experience. These parameters 
are used to compute the required EQPT, SQFT, DLAB, MATS, and UTIL quantities for 
the IPEG equation. In addition, a cost of SI 3. 79 per square meter of cutting area 




TABLE 4: MULTIPLE-WIRE SAW PARAMETERS 


Silicon ingot diameter 
Ingot length per cut 
Kerf loss 
Set-up time 
Cutting time 
Total cycle time 
Cost per saw (1977) 

Machines per operator 
Maintenance Mechanics 
Electricity usage 
Raw (domestic) water usage 
Manufacturing space required 
Projected slicing yields 
13 mi I wafers 
8 mi I wafers 
5 mi I wafers 


3 Inches (7.62 cm) 

4 inches (10.16 cm) 
.0078 inch 

40 min. 

180 min. 

220 min. 

$30,000 

10 

0.48/machine 
500 watts 
I gai/min. 

40 sq. ft. /machine 

93? 

85? 

80? 


K assessed lo cover expendable supplier such as abrasive, wire, wire guides, 
and other miscellaneous items. 

The cost of the 3 inch diameter Czochralski ingot used as the slicing input 
material is assumed to be $250 per kilogram. This is taken from a 1978 price 
calculation based on $60 per kilogram poly-silicon which was reported by SIITEC 
at the ninth JPL Project Integration Meeting. 

The price of a wafer obtained from this sl’cing process depends strongly on 
sawing yields and throughput. Since the direct slicing of 5 mi I wafers or 8 ml I 
wafers is not yet a production process, some reasonable assumptie- a must be made 
concerning yields. Actual yields in a production process are expected to be 
considerably greater than the 50.25? and 35.05? values discussed in Section 3.1. 
Slicing yields for 8 mil wafers should quickly approuch 85!?, a reasonably 
conservative value. Anticipating that 5 mil slicing won’t quite be capable of 
duplicating the yield for 8 mil slicing, it is assumed that yields for 5 mil 
slices will approach a value of 805?. Standard 13 mil wafers should be sliced 
with at least 93$ yields. Hence, for the purposes of this cost analysis, it 
is assumed that 13 mil wafers are sliced with 93$ yield, 8 mil with 85$ yield, 
and 5 mil with 80$ yield. 

The maximum allowable throughput values for each wafer thickness must be 
weighted by the yields assumed above. To determine throughput per saw, note 
from Table 4 tnat one 4 inch long crys. I is sliced in each 220 minute period. 

This 4 inch length, divided by the sum of the slice thickness plus .0078 inch 
kerf, gives the maximum number of wafers produced in 220 minutes. Hence the maximum 
throughput rates are as follows: 

13 mil 0.874 waf/min. or 52.44 waf/hr. 

8 mil 1.151 waf/min. or 69.06 waf/hr. 

5 mil 1.420 waf/min. or 85.20 waf/hr. 
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If these maximum rates are weighted by the assumed yields, then the assumed 
throughpuis used for IPEG calculations are as follows: 

13 mil 52.44 x 0.93 * 48.77 waf/hr. 

8 mil 69.06 x 0.85 - 58.70 waf/hr. 

5 mil 85.20 x 0.80 * 68.16 waf/hr. 

These throughput values will be used to determine the floor space, number of 
machines, number of labor personnel, utility usage, and materials requirements 
associated with slicing tor a factory operating at approximately one megawatt per 
year output. 

It is assumed that a 3 inch diameter solar cell power conversion efficiency 
of 141? is obtained. Then a throughput of 190 wafers/hour is equivalent to 999,146 
watts/year. Thus all of the cost calculations will be based on a throughput of 
190 waf/hr. 

As an example calculation, consider floor space. A manufacturing space of 
40 sq. ft. per machine is required, as noted in Table 4. For the three cases of 
13, 8, and 5 mil slices, 190 waf/hr, requres more than one machine, since the 
yielded throughputs per machine are less than this. To determine the floor 
space requirement, the desired throughput (190 waf/hr) is divided by the yielded 
throughput for each case and then multiplied by 40 sq. ft. Thus, the floor space 
requirement for each case is as follows: 

13 mi i 5QFT = | | ;Y7^waf/hr x 40 sq * t+ * = 155 - 83 s 9- f+ - 

8 mi I SOFT = ^jrffi/hr * 40 sq * f+ * = 129 ‘ 47 sc i- f+ - 

— -il S(?FT = ilriHaf'/h'r x 40 sq ’ f+ ’ = 1n ‘ 50 sq * f+ * 

Similar weightings are performed for the cost of materials (MATS), the 
cost of labor (DLAB), the cost of capital equipment (EQPT), and the cost of 
utilities (UTIL). The total values so obtained for each category are listed in 
Table 5. 
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I PEG COMPONENT COST VALUES FOR SLICING 
WO WAFERS/HOUR FOR A TOTAL OF ONE YEAR. 



Using the values in Table 5, the IPEG price equation Is applied. In this 
equation, total price P - 0.489 EQPT + 96.9 SQFT + 2.133 DLAB 1.255 MATS + 1.255 
UTIL. This equation gives an estimate of the total selling price In dollars. 

A more convenient set of units is dollars per watt, obtained by dividing the 
total price equation by the total number of watts produced for that price (in this 
case 999,146 watts, assuming 190 waf/hr for one year at 14$ efficiency per wafer). 
The total IPEG price and its component parts are given In 1975 dollars per watt 
in Table 6. Hence the price of sliced substrates should be $2,767, $2,330, and 
$2,031 for 13, 8, and 5 mil thicknesses, respectively, per watt. 

Over two thirds of each of the total prices resulting from this cost analysis 
are directly attributable to the cost of the Cz ingot starting material. If that 
portion of the total price which is due to ingot costs is subtracted from the total 
price, the effective add-on price for the slicing process is obtained. This is 
shown in Table 7. 

The total prices for sliced substrates given in Tables 6 and 7 are in 
reasonable agreement with near-term price allocation guidelines established by 
JPL. A table of near-term guidelines presented at the Ninth JPL Project 
Integration Meeting is reproduced in Table 8. The expected price of $2.34 per 
watt for the 1980 timeframe when polysilicon is priced at $60 per kilogram 
is very close to the predicted prices of today's wire-wawed 13, 8, and 5 mil 
substrates resulting from the IPEG analysis above. 

3.3 INITIAL EXPERIMENTAL LOTS 

Three inch diameter Czochralski wafers sawed to thicknesses of 17 mils, 

8 mils, and 5 mils were prepared by the Motorola Semiconductor Group 
Materials Operation. A multiple-wire sawing technology was employed. Some 
of the 8 mil wafers and all of the 5 mil wafers were further prepared by 
chemically etching 0.5 mil of silicon from each side to guarantee removal of 
sawing damage. Statistical measurements on this material were reported in 
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ABLE 6: I PEG COMPONENT PRICES AN 3 TOTAL PRICE OF SLICE 

SUBSTRATE IN 1975 DOLLARS P EP. -/ATT. 




TA3LE 7: DIVISION OF TOTAL PRICE INTO THAT PORTION 

DUE TO SILIOON SINGLE CRYSTAL INGOT COST AND 
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Section 3.1 of this report. A number of these wafers, along with some 
control wafers produced by Wacker, were used to establish the first six test 
lots for thin cell fabrication. The cells produced In these lots provided 
a baseline for judging cell performance and processing improvements 
directed toward incorporating thin substrates Into production processing. 

Each test lot was started with 24 wafers per lot. This number allows a 
space position for a test wafer in the standard carriers and diffusion boats 
which hold 25 wafers. Each of the six test lots is described In the following 
paragraphs. Each starting wafer in each of the six lots has been measured to 
determine wafer resistivity and thickness at the wafer center. All wafers 
are Czochralski material. 

Lot A1 is a control. It contains wafers produced by Wacker which are 
chemically etched on the back and polished on the front. The average wafer 
resistivity is 2.34 fl-cm (o = 0.10 tl-cm) and the average center thickness 
is 14.28 mils (a = 0.21 mils). 

Lot A2 contains wafers from crystals grown at Motorola; they are in 
the as-cut condition and are edge rounded. The average wafer resistivity is 
1.01 0-cm (o = 0.11 fi-cm) and the average thickness at the center is 17.74 
mi Is (o = 0. 19 mils). 

Lot A3 is a lot of thin, as-cut wafers grown and cut at Motorola. 

These wafers are not edge rounded. The average wafer resistivity is 
1.30 0-cm (o = 0.02 n-cm) and the average center thickness is 8.24 mils 
(o = 0.20 mils). 

A4 is a lot of thin wafers sliced at Motorola to approximately 5 
mils and then chemically thinned to eliminate saw damage. Average wafer 
resistivity is 1.20 n-cm (o = 0.04 fi-cm) and the average center thickness 
is 4.39 mils (o = 0.05 mils). 

A5 is a lot of thin wafers sliced at Motorola to approximately 8 
mils, edge rounded, and then chemically etched. The average wafer 


i ns i ♦ i v i ty is 1.44 Q-cm (o * 0.19 n-cm) and the average center thickness 
is 7.22 mils (a = 0.11 mils). 

Lot A6 is identical to lot A5 in starting condition. The average 
wafer rosisitivity is 1.51 n-cm (o * 0.19 n-cm) and the average center 
thickness is 7.09 mils (o = 0.09 mils). 

Detailed tabulations of resistivity and starting thickness measurements 
for each lot will be presented as part of the data In Section 5. c >.3. 

With the exception of surface texturing, all six lots were processed 
through the same junction formation, ant i ref lect ion coating, and metallization 
stops. The wafers in lots A1, A2, A3, A4, and A5 have been textured on 
both sides using the standard Motorola texture etch process. As a result, 
lots A1 and A 2 have textured peaks with a nominal height of 7 microns, lot 
A3 has textured peaks nominally 6.5 microns high, and lots A4 and A5 have 
textured peaks nominally 6 microns high. 

Each wafer in each lot was measured after texturing to determine wafer 
thickness loss. The average "peak-to-peak" thickness loss from before to 
after texturing ranged from 4.8 microns to 7.6 microns. Thickness measure- 
ments were performed with a stage micrometer, so measurements with textured 
surfaces reflect the distance from textured peaks on one side to the tips of 
textured peaks on the other side. Thickness data after texture are also 
tabulated in Section 3.5.3. 

Lot A6 was not textured and has been retained in the smooth, chemically 
etched surface condition. 

Table 9 summarizes the substrate characteristics for each of the six test 

lots. 
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PROCESS SEQUENCE 

The initial six test lots of thin substrate solar cells were processed with 
the following process sequence: 

1. Start with sawed, or sawed and etched, wafers. 

2. Clean wafers in hot piranha solution (a mixture of sulfuric acid 
and hydrogen peroxide), rinse, etch in dilute HF solution, rinse. 

3. Texture etch both sides of wafers and rinse (excluding lot A6). 

4. Dry wafers using Freon vapor "degre: >er" technique. 

5. Plasma oxidation/clean ("ashing"). 

6. PHj diffusion, both sides, at 900°C for approximately 18 minutes. 

7. Sirip phosphorus glass in HF and rinse. 

8. Dry wafers using Freon vapor "degreaser" technique. 

9. Mesa etch front perimeter and etch back to remove phosphorus layer. 
This Is done with a standard photoresist procedure to protect the 
desired junction from the silicon etch (nitric-hydrofluoric-acetic 
acid mixture) . 

10. Plasma oxidation/clean. 

11. LPCVD Si^N^ deposition. 

12. Etch front metal pattern, stripping back surface Si^N^ layer. 

13. Metal I ize. 

In step 13, to eliminate initial concern for stress in using a solder 
coating process for the metal contact, a plated palladium-silver metallization 
system was used for lots A1 through A6. 

In step 4 of the process sequence listed above, wafers are dried in the 
following manner. After rinsing, a carrier of wet wafers is placed in a 
container of isopropal alcohol which displaces and mixes with the water on 
the wafer surface. The carrier is then placed in the hot vapor section of a 
Freon vapor degreaser. The hot Freon vapor condenses on the colder wafer 


surfaces and drips off the wafers to the liquid sump below, carrying any 
particulate residue away. As the carrier of wafers Is withdrawn from 
the vapor, the Freon remaining on tho wafer surface evaporates, leaving the 
ur’ers dry. This drying process was originally chosen because it provides a 
very gentle method for drying the thin substrates. However, It has since been 
determined with other experiments that conventional centrifugal spin-drying 
can be used, even for the 4 mil substrates, without substantial risk of 
breakage. 

In step 11 of the process sequence, LPCVD silicon nitride deposition 
refers to a low pressure chemical vapor deposition process whereby a uniform 
Si^N^ film Is deposited on both sides of the solar cell substrate at pressures 
below atmospheric pressure. The nitride film thickness is such as to 
serve both as a metal plating mask and as a front surface ant I ref lection coating. 
This process provides uniformity and reliability of Slj N ^ coating with excellent 
throughput. 

Plasma oxidations were introduced in steps 5 and 10 as the first effort 
to eliminate some of the wafer handling involved in using wet chemical cleans 
and rinses prior to high temperature furnace operations. Using the dry 
plasma process requires less handling and is more gentle with respect to 
breakage of very thin silicon substrates. 

Pertinent data were taken for each wafer in lots A1 through A6 after 
each major step in the process sequence. Junction sheet resistances were 
measured for the phosphorus diffused layer after completing step 8. Photo- 
generation current was measured after step 9 by using a diode curve-tracer 
to observe the solar cell reverse-biased cha» acteri stic l-V curve under 
simulated AMI illumination. The illumination was provided by a quartz-halogen 
lamp source and calibrated with a reference cell fabricated by JPL. 
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Those in-process data are given in tho detailed tabulations to be found 
in 'lertlon 3 .'j. 3. Wafer loss through in-process breakage was also recorded and 
this information was used to calculate cumulative yields after major process 
stops. 

3.5 INITIAL EXPERIMENTAL RESULTS 

3,5.1 BASELINE CELL STRUCTURE 

As a result of the process sequence described in Section 3.4, the base- 
line solar cell structure is a very basic n-on-p configuration. This is 
similar to what might be used if one were choosing a structure for the least 
expensive fabrication costs with today's technology. 

Of the six lots discussed in this report, five consisted of wafers which 
were textured, both front and back, at the onset of processing. One lot was not 
textured, but was chemically etched to smooth the as-sawed surface. 

The n-type front surface junction layer was formed with a phosphorus 

diffusion (from a Pi-L source) followed by a mesa etch process. The mesa 

etch process strips the unwanted diffused layer from the back of the substrate 

and from a ring around tho edge of the cell front. Those areas which have been 

etched to remove phosphorus are smoothed considerably compared to the original 

sharp-edged textured surface but still retain tetrahedral shapes. The 

2 

resulting p-n junction area is 43.3 cm . The average junction depth for lots 
A1 through A6 is near 0.6 pm. No back surface enhancement diffusion (p+ layer) 
or back surface field (BSF) was employed for these lots. 

The completed solar cells have an anti ref I ect ion coating of silicon 
nitride (Si-Nj). Average Si ? N^ coating thickness for the six test lots is 
7448. 
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A metal plating mask Is former with the SI^N^ by stripping the back 
surface of the wafer and patterning the front with a metal grid pattern. 
Thus, the completed cells have metal totally covering the back surface. The 
front surface grid shadows approximately Q% of the p-n junction area. 

As previously stated, the metallization used for lots A1 through A6 
consists of a palladium-palladium slllcide contact layer and a silver 
conducting layer. This system was chosen because It was available and 
because the 4 mil substrates could be safely plated without concern for 
breakage likely to be encountered If a solder-dip process were chosen. 
Unfortunately, the front surface grid pattern used is optimized for a 
soldered metallization. The amount of shadowing could be reduced If the 
pattern were optimized for silver instead. With the pattern used and the 
silver conductor, the total series resistance of the cell Is typically about 
5 milliohms. This corresponds to a voltage loss of about 6 mV at an output 
current of 1200 mA. 


LOT DATA SUMMARY 


Important parameters and experimental results for the baseline cell 
test lots are summarized in Table 10. Where items are labeled average they 
are the mean value of measurements taken on all the cells in a given lot. 

The as-processed wafer thickness is the measured "peak-to-peak" 
wafer thickness after texturing except for lot A6, which is not textured. 
This measurement was discussed in Section 3.3. The textured surface peak 
size is an estimate (by optical microscopy) of the largest typical distance 
from the base of the silicon surface tetrahedra to the peak. 

The open circuit voltage (V^) and short circuit current (l sc > values 
represent measurements on the completed solar cells. V^ measurements were 
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made with a digital voltmeter and l gc values were read from a curve-tracer 

display. All such measurements were made under tungsten-qunrt 2 -halogen 

2 

lamp (type ENH) illumination set to an insolation of 100 mW/cm by a JPL- 
calibrated reference cell (No. MO-04). 

The maximum power <P fnax ) data represent values taken from current- 
voltage characteristic curve plots which will be given In Section 3.5.3. 

Processing yield is simply the number of completed solar cells left 
Intact per lot divided by 24, the number of wafers started per lot. The 
yield loss Is strictly a result of wafer breakage. Two notes of caution must 
be given for interpreting the yield numbers. First, these lots represent the 
first attempt to process substrates of such thinness and must be expected 
to suffer somewhat from inexperience. As more experience is obtained and as 
processing is altered to accommodate the special nature of thin substrates, 
yield will be improved. Second, the wafers in these lots were subjected to 
an extra measure of prodding and probing by trying to accumulate substantial 
amounts of in-process data. This Increases the amount of handling and 
Increases the chance for initiating fractures. Such data accumulation would 
not ordinarily be < -no m r routine cell production. 

3.5.3 DETA I LED DATA PRESENTATION 

The data summarized in Table 10 are given in detail at the end of 
this section in Tables 11 through 16 and Figures 2 through 7 for lots A1 
through A6, respectively. In addition. Tables 11 through 16 list measurements 
of starting substrate thickness, phosphorus diffused layer sheet resistance, 
and solar cell photo-generation current obtained before anti ref lection coating 
and metallization are applied. For each set of data tabulated, the statistical 
mean, standard deviation, and percent standard deviation are given. Percent 
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TABLE 12: Wafer data for test lot no. A2 


WAFER NUMBER 

STARTING THICKNESS 
(mi Is) 

WAFER 

RESISTIVITY 

(Q-cm) 

THICKNESS AFTER 
TEXTURE 
(mi Is) 

JUNCTION SHEET 
RESISTANCE 
(0/0) 

BARE SURFACE 
GENERATION CURRENT 
(mA) 

COMPLETED CELL 
SHORT CIRCUIT 
CURRENT l-_ 
<mA> 

COMPLETED CELL 
OPEN CIRCUIT 
VOLTAGE 
(mV) 

1 

m * r 

0.89 

Egg 

32.4 

1220 

mam 

607 

2 


0.88 

mm 

32.0 

1210 

BBS 

605 

3 

17.82 

0.87 

17.41 

33.5 

1200 


605 

4 

17.67 

0.88 

17.35 

33.7 

1200 

BBS 

605 

5 

17.58 

0.89 

17.32 

32.9 

1200 


603 

6 

17.63 

0.87 

17.39 

33.9 

1190 

1300 

603 
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17.51 
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0.88 

17.43 

34.0 

1200 

1300 

604 

11 

17.77 

1.09 

17.55 

31.1 

1200 

1300 

599 

12 

17.96 

1.12 

17.70 

32.0 

1200 

1310 

600 

13 
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17.70 

1.12 

17.36 

28.6 

1220 

1310 

600 

24 

18.13 

1.10 

17.75 

28.0 

1200 

1310 

599 

MEAN 

mm 

1 .01 

mm 

31.8 

1201 

1306 

602 

STD. DEV. 


0.11 


1.8 

10 

7 

3 

* STD. DEV, 

■ 

10.9* 

9 

5.6* 

0.8* 

0.5* 

0.4* 

CUMULATIVE 

N.A. 

N.A. 

100* 


100* 


100* 

1 YIELD 
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13: Wafer 

data for 

test lot 

no. A3 
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8.83 

m 

8.45 

54.6 


- — 

— 

2 

8.06 

IB 

7.81 

46.5 


1270 

588 

3 

8.31 

1.26 

8.05 

40.3 

1230 

1250 

586 

4 

8.60 

1.28 

8.28 

— 

— 

— 

— 

5 

8.31 

1.30 

8.03 

56.4 

1240 

1250 

586 

6 

3.08 

1.30 

7.82 

63.4 

1240 

1220 

579 

7 

8.30 

1.26 

8.05 

54.3 

1240 

1260 

586 

8 

8.50 

1.28 

8.20 

64.6 

1220 

1280 

588 

9 

8.22 

1 .30 

7.92 

55.8 

1230 

1260 

586 

10 

8.03 

1.32 

7.76 

46.5 

1230 

1250 

585 

11 

8.09 

1.32 

7.82 

52.8 

1230 

1260 

586 

12 

8.08 

1.31 

7.80 

52.0 

1230 

1250 

586 

13 

8.14 

1.32 

7.89 

50.5 

1220 

1250 

585 

14 

8.20 

1.30 

7.95 

48.7 

1240 

1250 

586 

15 

8.28 

1 .27 

8.00 

47.2 

1240 

1250 

586 

1 6 

8.31 

1.31 

8.03 

44.6 

1240 

1240 

536 

i j 

8.42 

1.31 

7.99 

54.9 

1240 

1240 

585 

18 

8.12 

1.33 

7.35 

45.8 

1230 

1260 

587 

19 

8.06 

1.32 

7.80 

44.0 

1240 

1240 

577 

20 

8.08 

1.31 

7.81 

45.1 

1230 

1250 

535 

21 

8.25 

1.31 

7.98 

40.3 

1230 

1250 

586 

22 

8. 12 

1.31 

7.90 

40.0 

1230 

1250 

586 

23 

8.06 

1.33 

7.75 

37.6 

1240 

1250 

586 

24 

8.25 

1 .29 

7.97 

37.1 

1210 

1240 

585 

MEAN 

8.24 

1.30 

7.95 

mm 

1233 

1251 

586 

STD. DEV. 

0.20 

0.02 

0.17 

WBBm 

8 

12 

'*> 

$ STD. DEV, 

2.4$ 

1.6$ 

2.1$ 

■ 

0.7$ 

1.0$ 

0.3$ 

CUMULATIVE 
? YIELD 

N. A. 

N. A. 

100$ 


95.8$ 

— 

91.7$ 


33 




















TABLE *4« Wafer data for test lot no. A4 








































TABLE 16: Wafer data for test lot no. A6 


WAFER NUMBER 

STARTING THICKNESS 
(Mils) 

WAFER 

RESISTIVITY 

(fi-cn) 


THICKNESS AFTER 
TEXTURE 
(mils) 

JUNCTION SHEET 
RESISTANCE 
(C/O) 

BARE SURFACE 
GENERATION CURRENT 
(mA) 

COMPLETED CELL 
SHORT CIRCUIT 
CURRENT U 
(mA) 

COMPLETED CELL 
OPEN CIRCUIT 
VOLTAGE 
(mV) 

1 

7.23 

mm 


36.9 

970 

I 

582 

2 

7.30 

■89 


36.4 

960 


585 

3 

7.32 

1.42 


36.9 

970 

1 

587 

4 

7.08 

1.33 


37.7 

960 

1230 

589 

5 

7.11 

1.33 


37.4 

970 


589 

6 

6.95 

1.24 


37.8 

960 


591 

7 

7.06 

1.30 


39.2 

960 

1230 

590 

8 

6.98 

1.23 


39.9 

950 

1230 

591 

9 

7.06 

1.37 


38.7 

980 

1240 

589 

10 

7.02 

1.62 


40.4 

960 

1240 

587 

11 

7.00 

1.15 


37.9 

950 

1240 

592 




U 4 





12 

7.06 

1.67 

_i 

41.5 

960 

1240 

583 

13 

7.13 

1.69 

00 

39.3 

960 

1250 

586 




< 





14 

7.08 

1.61 

o 

39.7 

960 

1240 

580 

15 

7.04 

1.61 

— 

38.5 

980 

1250 

586 









16 

7.12 

1.62 

CL 

42.1 

970 

1240 

585 

17 

7.09 

1.61 

CL 

< 

40.1 

970 

« 

587 

18 

7.02 

1.67 


41.2 

950 

« 

582 

19 

7.11 

1.69 


35.8 

930 

— 

— 

20 

7.08 

1.70 

h * 

41.5 

970 

« 

586 




o 





21 

7.06 

1.31 

z 

43.8 

940 

— _ 

— 

22 

7.07 

1.32 


44.6 

940 

» 

587 

23 

7.14 

1.61 


47.2 

950 

1250 

578 

24 

7.09 

1.65 


45.6 

960 

1240 

577 

MEAN 

7.09 

1.51 


39.8 

960 

■ea 

586 

STD. DEV. 

0.09 

0.19 


2.8 

12 


4 

* STD. DEV, 

1 . 2 * 

12 . 4 * 


7 . 0 * 

1 . 3 * 

■a 

0 . 7 * 

CUMULATIVE 
■ YIELD 

N.A. 

N.A. 

N.A. 

100 * 

m 

— 

91 . 7 * 


I 


CUMULATIVE 

YIELD 


36 




















FIGURE 3 : Representative AMI current-voltage response curve for test lot 
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FIGURE 5 : Representative AMI current-voltage response curve for test lot 
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FIGURE 6: Representative AMI current-voltage response curve for test lot 
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FIGURE 7 : Representative AMI cur rent- voltage response curve for test lot no. 







standard deviation is the standard deviation divided by the mean and multiplied 
by 100. 

Each of the current-voltage curves given In Figures 2 through 7 represents 

a sample from lots A! through A6, respectively. Data taken and computed from 

the curves include , l^, maximum power voltage (V ), maximum power 

current (I ), P , power conversion efficiency (n), and curve fill ♦actor 
mp ' max 

(CFF). Efficiency numbers are based on the total area of a three inch diameter 

2 

silicon wafer with flats (45.35 cm), for which the junction mesa pattern 
and the mota 1 1 i cat ion grid pattern are designed. If only the p-n junction 
area (including metal shadowing) were considered, or if the junction were 
formed to the edge of the wafer, the efficiency values given would be increased 
t>y an additional 0.6* (i.e., n " 13.9? would become n = 14.5*). The cell data 
for each of the samples of Figures 2 through 7 are summarized in Table 17. 

Diffusion length and spectral response measurements were performed on each 
of the samples listed in Table 17. Diffusion length measurements were made on me 
completed cells by the open circuit photovoltage (OCPV) method, a variation cf the 
surface photovoltage (SPV) technique. With this method, the open circuit voltage 
generated by incident monochromatic light at various wavelengths is monitored and 
held constant by varying input light intensity. From these data a graphical 
calculation is made for effective minority carrier diffusion length. With most 
techniques in general, it is difficult to obtain an absolute value for the 
diffusion length, but the relative results with the OCPV technique should be 
meaningful because this technique mimics actual solar cell operation. 

The specific diffusion length measurements are given in Table 1?. The numbers 
presented there are reasonable a.'.J are consistent with the cell electrical performance 
summarized in Table 17. The wafers of lots A3, A4, A5, and A6 were prepared from 
similar material and have similar diffusion lengths. The lower value for cell 
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TABLE 18: DIFFUSION LENGTH MEASUREMENTS FOR 
BASELINE SOLAR CELL SAMPLES. 


LOT 

NUMBER 

CELL 

NUMBER 

CELL 

THICKNESS 

(mils) 

OCPV 

DIFFUSION 

LENGTH 

(microns) 

A1 

8 

14.10 

68 

A2 

12 

17.70 

93 

A3 

18 

7.85 

23 

A4 

9 

4.22 

37 

A5 

10 

6.93 

39 

A6 

13 

7.13 

38 


45 


A3— 1 8 is probably explained by the fact that A3- 18 was prepared from an as-sawed 
wafer, without saw damage removal before texturing. The wafers in A4, A5, and A6 
wore chem-etched after sawing. In general, the diffusion lengths for lots A3-A6 
are lower than may be desired, but this is likely a result of the material 
preparation and growth process. Lots A1 and A2 are each from material independently 
prepared. The 93 pm diffusion length for A2-12 is respectable, and this is 
reflected in the good infrared response discernable in a spectral response 
measurement for this cell. 

The relative spectral response for each of the sample cells discussed above 
was measured using a Cary 17 Spectrophotometer. The relative response curves are 
shown in Figjres 8 through 13 for cells from lots A1 through A6, respectively. 

The spectral response moasurments agree with the diffusion length data provided 
in Table 18. Cells A5-10 and A6-13 are about the same thickness and have the 
same diffusion length and their spectral response curves are virtually identical. 
Cell A3-18, which has a lower diffusion length, shows a decreased infrared response 
compared to A5-10 and A6-13. The irregular bump in the response curve for A3-18 
near 0.53 micron is believed to be an artifact of the particular measurement and 
not an actual response. In the region 0.40 to 0.55 micron, this curve should 
probably be shifted downward slightly to blend more smoothly with the rest of 
the curve beyond 0.55 micron. As noted earlier, the relative response for cell 
A2-12, which has a measured diffusion length of 93 microns, shows very good 
performance in the long wavelength region. 

3.5.4 RELATIVE PERFORMANCE VERSUS THICKNESS 

With inclusion of the spectral response and diffusion length data, analysis of 
the results of The baseline process sequence is essentially complete. In general, 
the simple phosphorus diffused cells from lots A1 through A6 performed just as 
expected. The important correlation is that, without a back surface enhancement 
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SPECTRAL RESPONSE OF TE/TUPED 
1.33 Q-cm SUBSTRATE. 








FIGURE H: SPECTRAL RESPONSE OF TEXTURED CEIL ON 4.22 MIL 

1.18 ft-cm SUBSTRATE . 
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diffusion or back surface field (BSF), the cell efficiency decreases as the 
substrate is made thinner. Combining the results of the data from lots A2, A4, and 
A5 (which have similar substrate resistivities and are textured), the relative 
performance versus thickness is summarized in Table 19. It should be noted that 
there is a small loss (3.2?) of available power using 7.0 mil substrates and a 
significant loss (12.9?) using 4.2 mil substrates. Again it must be emphasized 
that no back surface enhancement was usee and that the use of a BSF layer should be 
capable of increasing the performance of both the 7.0 mil and 4.2 mil substrates. 

3.6 PROCESS ADAPTATIONS 

3.6.1 CELL STRUCTURE IMPROVEMENTS WITH DIFFUSION PROCESS 

Previous experimental studies (lots A1 - A6) determined i in effects of 
substrate thinness on solar cell performance for a baseline process sequence 
which resulted in a simple n+p solar cell structure. This process sequence 
formed the nt layer with a phosphine diffusion step. It was anticipated that 
the inclusion of a back surface enhancement diffusion of p-type dopant to 
form a back surface field (BSF) region would significantly enhance fhe 
performance of the thinnest substrates. 

To study this possibility a test matrix of six lots (D1 threugn 36) 
was established. Lots D1, D2, and D3 consist of 24 wafers each of 
nominally 7 mil substrates (sawed to 8 mils and chem-etched to 7 mils) 
while lots D4, D5, and D6 consist of 24 wafers each of nominally 4 mil 
substrates (sawed to 5 mils and chem-etched to 4 mils). A planar process 
was used to define a phosphorus diffused junction for all six lots. 

In addition, lots D1 and D4 received a back surface boron diffusion at 
I000°C to form a p+ layer. Lots D2, D3, 05, and 06 served as controls. 

The test matrix is outlined in Table 20. 
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TABLE 20: BACK SURFACE ENHANCEMENT TEST MATRIX 


STEP 

LOT NUMBERS 

01, D4 

02, 03 

D3, 06 

1. 

SIjNj deposition for mask 

yes 

y«* 

yes 

2. 

Strip wafer back 

yes 

no 

no 

3. 

BCIj deposition and oxidation 

yes 

yes 

no 

4. 

Planar pattern front 

yes 

yes 

yes 

5. 

Texture etch 

yes 

yes 

yes 

6. 

PHj diffusion 

yes 

yes 

yes 

7. 

Strip wafer dielectrics 

yes 

yes 

yes 

8. 

SijN^ AR coat 

yes 

yes 

yes 

9. 

Metal pattern etch 

yes 

yes 

yes 

10. 

Metal plate 

yes 

yes 

.yes 

Final cell structure 

n+pp+ 

CL 

+ 

c 

n+p 


Wafer Thickness: 

D1 , 02, 05 7 mils 


04, 05, 06 


4 mi I s 






Table 20 lists the process steps used and the order of their occurrence. 

Where a "no" Is entered Into the table the particular step was omitted. 

Lots D1 and D4 have an n+pp+ structure while the other lots have 

only the baseline n+p structure for direct comparison. The process sequence 

for lots D3 and 06 simply omits the boron trichloride (BC I > diffusion step. 

The sequence for lots D2 and D5 incorporates the boron diffusion cycle but 
masks the substrate from the effects of boron diffusion with a protective 
layer of silicon nitride (Si^N^). This was done to provide a control group 
of cells with the simple n+p structure but one which has undergone the 
additional thermal cycle of the 1000°C BC I ^ deposition which the test lots 
D1 and D4 must experience. 

The thickness and resistivity of each wafer started In lots D1 through D6 was 
moasurod before processing. The average thickness for substrates in lots D1, DZ, 
and 03 was 7,19 mils (0.12 mil standard deviation) and the average resistivity 
was 1.70 n-cm (0.27 Q-cm standard deviation). The average thickness for 
substrates in lots 04, 05, and D6 was 4.29 mils (0.06 mil standard deviation) 
and the average resistivity was 1.28 0-cm (0.11 9-cm standard deviation). 

A comparison of typical l-V characteristic curves for cells from lots 01 and 
02 is shown in Figure 14 and a comparison for 04 and 05 is shown in Figure 15. In 
general, the p+ back surface enhancement effected a significant improvement for the 
7.2 mil substrates, while, for the 4.3 mil substrates, the improvement was marginal. 
It is likely that this difference in effectiveness is due to the non-optimum back 
surface field (BSF) created with the particular boron enhancement layer. With 
the very thin substrates, BSF conditions probably need to be much closer to ideal 
to mask the front surface junction from the effects of back surface recombination. 

It should be noted that, as for the case of test lots A1 through A6, a 
totally plated metallization system was employed for lots D1 through D6. However, 
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this time d nickel -copper system was used, with copper serving as the conductive 
layer rather than silver. 

It Is interesting io compare the 7.2 mil, diffused n+pp+ device 
performance with the 17 mil ntp devices discussed In Section 3.5. Figure 16 
shows such a comparison. With the incorporation of a p+ (boron) back surface 
enhancement layer, the solar cells on 7 mi I substrates are capable of equalling 
the performance of solar cells on 17 mil substrates. 

3.6.2 INITIAL iON IMPLANTATION INVESTIGATIONS 

A major processing adaptation which may improve yield and throughput 
of the cell fabrication process is the use of ion Implantation in place of 
diffusion. With implantation techniques, a back surface p-type enhancement can 
easily be i ncorpoi i fed to fabricate an n+p-p+ type cell. This should result 
in improved performance from the thin substrates. By using ion implantation for 
both the front surface phosphorus junction layer formation and the back surface 
boron enhancement layer formation, handling of the substrates is minimized and 
processing sequences are greatly simplified over those for all-diffusion processes. 
This simplification of processing and minimization of handling will enhance /he 
ability to maintain high processing yields regardless of substrate thickness. 

first experiments using ion implantation with thin substrates were 
attempts to reproduce the baseline process cell structure so that results would 
be comparable to the data of lots A1 through A6, discussed earlier. Wafers sawed 
to 8 mils and chem etched to 7 mils for saw damage removal were ..ssembled in lot B8 
The average measured wafer thickness for this lot was 7.22 mils. Wafers sawed to 
5 mils and etched to 4 mils comprised lot B7. The average measured thickness 
for B7 was 4.36 mils. None of these wafers were textured. 
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Some of the wafers In B7 and B8 were Ion implanted with phosphorus to form 
a front junction. After annealing, these cells underwent a mesa etch process 
to provide a junction area Identical to the areas of lots A1 through A6. A 
silicon nitride AR coating was deposited, and this coating was patterned to form 
the front ohmic contact grid. The exposed silicon in this pattern was plated with 
the palladium-silver metallization system. 

A number of the completed cells displayed somewhat undesirable series 
resistance and shunt problems. The exact reason for this has not been 
determined but it may be related to difficulties with the mesa etch process. 

Two of the better cells are characterized In Figures 17 and 18. Figure 17 
shows cell No. 6 from lot B7. This cell is 4.4 mils thick and is not textured. 

T he short circuit current value of 1205 mA is slightly better than the average 
for the diffused process lot A4, which was 1185 mA. However, open circuit 
voltage is lower for B7-6, being 560 mV compared to 578 mV for lot A4. Note, 
however, that lot A4 was textured. 

Figure 18 shows cell No. 3 from lot B8. This cell is 7.2 mils thick 
and is not textured. As such, it should be directly comparable to the data of 
lot A6, which consisted of the same non-textured material. The 1^^, values 
of 11^0 mA, 567 mV for B8-3 are slightly lower than the average values 1234 mA, 

586 mV for lot A6. 

The first attempts at an ion implant process sequence were encouraging. 

Several refinements in the implantation process sequence were then pursued. 
Candidate ion implantation processes considered included phosphorus implanted 
front junctions and boron implanted back surface enhancements. Proco . ^ 
variations studied included implanting to the wafer edge with both phosphorus front 
and boron back implants and masking either the front or back implants to prevent 
formation of a possible "high- leakage" p+n+ junction at the wafer edge. These 
experiments are tabulated in the next section. 
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FIGURE 17: ONE SUN l-V CHARACTERISTIC FOP FIRST ATTEMPT, NON-OPT I M I ZED 

ION IMPLANT PROCESS SEQUENCE WITH 4.4 MIL SUBSTRATE . 
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3.6.3 


EXPERIMENTAL MATRIX SUMMARY 


A summary of experimental lots studied Is given In Table 21. This summary 
notes the type of wafer and cell structure, as well as whether Ion Implantation 
or diffusion was used for processing. A few of the lots were abandoned before 
being completed. Lots B1, B5, and C2 were abandoned at metallization. Lot C2 
could not be plated because of incomplete etching of the metal pattern Into the 
silicon nitride coating. Lots Bl and B5 exhibited large shunts because of metal 
plating on the wafer edges. 

Most of the lots designated as using an Ion Implantation process were 
attempts to optimize processing sequences for the 7 mil and 4 mil thick 
substrates. The culmination of this effort is represented by lot 030. Lot D30 
was split in half. One half of the lots was given a back-surface boron 
implant to form an enhancement layer, the other half was not. Figure 19 shows 
current-voltage characteristic curves for two cells from D30 — one with a 
boron back implant and one without. The important observation is that with the 
boron implant, the 7 mil thick cell performs as well as a 17 mil, phosphorus 
diffused cell from lot A2. This is exemplified in Figure 20. The process 
sequence for D30 is given in Table 22. 

3.6.4 PILOT PROCESS CHOICE 

On the strength of the good performance obtained from lot D30, an ion 
implantation process was chosen for the pilot process sequence. Using ion 
implantation techniques will ultimately allow minimization of the number of times 
individual substrates must be handled. The basic outline for the pilot line 
process is listed in Table 23. This outline is detailed, and the pilot 
process experiments are discussed, in Section 3.7. 


TABLE 21 : SUWARY OF EXPERIMENTAL LOTS INITIATED FOR 
THIN CELL PROCESS I NO DEVELOPMENT. 


mu\ TYPE 

I as-cut to S mils, 1.5 U-cm 

M cut to 3 mils, chem-etched to 7 mils, 1.5 P-cm 

Ml cut to 5 mils, chem-etched to 4 mils, 1.5 j.-cm 

IV as-cut to 17 mils, 1.0 U-cm 

V chem-etched and polished to 14 mils, 2.3 R-cm 


CELL TYP E 

D di ft used 

I ion imp I an tod 
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FIGURE 19: TWO CELLS FROM LOT D30: ONE WITH A BORON BACK SURFACE ENHANCEMENT 

FORMED BY ION IMPLANTATION (I 2 ) AND ONE WITHOUT. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


FI01JRF ?0 : COMPARISON OF IOU I ME L ANT ED CELL FROM LOT Fj30 WITH PHOSPHORUS 
DIFFUSED CL! L FROM LOT A2. 


TABLE 22: ION IMPLANTATION PROCESS SEQUENCE USED FOR 
LOT D30 


1. Start with 8 mil as-cut wafers which are chem-etched to 7 mils. 

2. Texture both sides. 

3. Implant front with phosphorus through metal mask which protects 

wafer perimeter. Dose: 5 x 10°cm ^ Energy: 35 keV. 

4. Implant back with boron. 

Dose: 5 x 10 cni Energy: 35 keV. 

5. Anneal 30 min at 900°C in N^ 

6. Deposit LPCVD silicon nitride. 

7. Anneal 60 minutes at 550°C in N 2 * 

8. Form ohmic pattern using photoresist to mask etching of silicon 
nitride. 

9. Plate immersion Pd, electroless Ni, electrolytic Cu with 
sinter after Ni plating. 


NOTE: 


for half the wafers in D30, step 4 was omitted so that there was 
no boron back surface enhancement. 


TABLE 23: PILOT LINE PROCESS SPECIFICATION OUTLINE. 


1. Damage etch, clean, and texlure substrate. 

2. Ion implant front with phospnorus, masking perimeter, ana back with 
boron . 

3. Thermal anneal and activate implanted dopant. 

4. Apply silicon nitride anti reflection coating. 

5. Form ohmic contact pattern by etching silicon nitride. 

6. Plate metal contacts using (palladium) nickel -copper system. 
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3.7 


PILOT LINE PROCESS 


This section describes the preparation, processing, and test results 
for a matrix of 418 substrates processed by the pilot process sequence previously 
outlined in Table 23. This outline will be detailed later In Section 3.7.4 and 
In the "Specification Process Sheets and for the Pilot Line Process" attached 
in the Appendix to this report. 

3.7.1 DAMAGE REMOVAL REQUIREMENTS 

Wafers received in the as-sawed condition must be given a surface etch 
to remove silicon damaged by the sawing operation. It has been assumed that, 
when using a wire saw, removal of 0.5 mil from each side of a wafer is sufficient 
to guarantee complete removal of saw damage. This was confirmed in studies 
cited earlier in this report when substrates were etched to thicknesses one 
mil less than the as-sawed thickness (from 8 mils to 7 mils, from 5 mils to 
4 mils) and processed. 

Recently, a technique has been developed to monitor the removal of surface 
damage by measuring the surface photovoltage (SPV) generated by Incident 
monochromatic light. This has been described in an article by B. L. Sopor! of 
the Motorola Solar R&D Labs titled "Rapid Nondestructive Techniques for 
Monitoring Polishing Damage in Semiconductor Wafers" to be published in 
Rev. Sci. Instrum.. 5J_ ( 1 1 ) Nov. 1980. This article confirms that removal of 
0.4 to 0.6 mil is sufficient. 

A question which remains, however, is whether the texture etching process 
is sufficient, in itself, to remove saw damage without the necessity of a pre- 
texturing silicon etch. Texturing an as-sawed surface will reduce the effective 
wafer thickness by about 0.4 to 0.5 mil. To provide an answer to this 


question, three groups of wafer's from the pilot process matrix were processed 
without any silicon etch before texturing. These three groups (PL-5, part B; 
PL-5, part B; and PL-13, part B) will be described In the following sections. 

3.7.2 SILICON DAMAGE-ETCH TECHNIQUE 

The 418 wafers to be fabricated Into solar cells with the pilot process 
sequence were divided Into a matrix which was prepared by etcnlng the raw 
substrates (received as-sawed) for various times In 15$ NaOH solution at a 
nominal temperature of 80°C. This sodium hydroxide etching solution removes 
silicon damage and maintains uniformity of thickness across the diameters of the 
Inch substrates even when etching for extended periods of time. 

A series of empirical tests was performed to calibrate the etch rates of 
tho 15$ NaOH solution. The data resulting from these tests are plotted in 
figure 21. This figure was used to choose etch times for developing the matrix 
discussed in Hie next section. 

3/7^3 PILOT PROCESS SUBSTRATE MATRIX 

Tho 15$ NaOH silicon etch discussed above was used to produce a matrix of 
wafers with varying amounts of initial saw damage removal and ranging in 
total thickness from 17.5 mils to 4.1 mils. The etching temperature ranged 
between 78°C and 83°C and the etch time was varied from 0 to 60 minutes. The 
pilot process lot matrix is given in Table 24. 

There are two variables being studied with this pilot process matrix. 

Those lots which have etch times between zero and 6 minutes can be used to 
determine the required amount of saw damage removal prior to the texture etching 
process. As noted in Table 24, 8 minutes was chosen as the reference 
etch time. This time was chosen because it corresponds to removal of 






TABLE 24 


PILOT PROCESS LOT IDENTIFICATION 



STARTING 

DAMAGE REMOVAL ETCH TIMES* 

LOT NO. 

WAFER THICKNESS 

PART A PART B 


PL-2 

17 ml Is 

8 min. 

2 mi n 

PL-3 

17 

8 

4 

PL-4 

17 

3 

6 

PL-5 

17 

8 

NONE 

PL-6 

17 

8 

20 m i n 

PL-7 

17 

8 

40 

PL -3 

17 

8 

60 

PL-9 

8 mi 1 s 

8 min 

NONE 

PL-10 

8 

8 

2 mi n 

PL-11 

8 

8 

4 

PL-1? 

8 

8 

6 

PL- 1 3 

8 

8 

NONE 

PL- 14 

8 

3 

20 min 

PL- 15 

8 

8 

40 

PL- 16 

8 

8 

30 

PL- 1 7 

8 

20 

20 

PL- 18 

8 

30 

30 

PL- 16 

8 

40 

40 

PL- 20 

4 mils 

7 min 

NONE 


*Damaoe removal etch done in 15 % NaOH solution a* nominally 

NOTE: ! aeh PL lot started with 22 three inch diameter wafers, 11 in Part A 

and 11 in Part B. 
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approximately 0.5 mil of silicon from each side of the wafer or about 1.0 mil 
reduction in total wafer thickness. As discussed earlier, it has been 
experimentally determined that this is sufficient etching to guarantee complete 
removal of all sawing damage Induced by the Motorola wire-sawing process. 

The second variable being studied is the effect of wafer thickness. 

Starting substrates were chosen from nominally 17, 8, and 4 mil thick wafers. 

By etching for times from 8 to 60 minutes, the gaps between the 4, 8, and 17 mil 
thickness values have been bridged. 

As noted in Table 24, each lot of 22 wafers is subdivided into two 
parts of 11 wafers each. In most instances, part A is a control group with a 
standard damage etch time and part B has been given a lesser or greater etch. 

In all cases, after the desired damage etch was performed, all lots were given 
identical texture etches, resulting in wafers which are textured on both sides 
with tetrahedral peak heights ranging from 3 to 6 micrometers. 

All wafers in lots PL-2 through PL-20 were measured before processing, 
after damage etching, and after texture etching using an electronic, 
non-contact thickness gauge. Moreover, a four-point resistivity probe was 
used ro measure the resistivity of all starting wafers. The typical standard 
deviation of resistivity within a lot is about 4 %. The average resistivity 
for wafers in each lot ranged from 1.0 0-cm to 1.3 0-cm. The standard deviation 
of wafer thickness within a lot ranged from 0.06 mil to 0.25 mil, with 0.1 mil 
being a typical value. 

The changes in the average wafer thickness for each part (A and B) of 
each lot after NaOH damage etching and after texture etching are given for 
reference in Table 25. When compared with the etch times from Table 24, these 
values can be used to update the etching calibration graph of Figure 21. 
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LOT 

NUMBER 


PL-2 
PL- 3 
PL-4 

PL-3 
PL-6 
PL- 7 

PL- 8 
PL-0 
PL- 10 

PL- 11 

PL- 1 2 
PL- 1 3 

PL- 14 
PL- 15 
PL- 16 

PL- 1 7 
PL- 18 
PL-19 

PL- 20 


» m-./wus- , mSC . : 


TABLE 25 

CHANGE IN AVERAGE WAFER THICKNESS AFTER DAMAGE ETCHING 
AND AFTER TEXTURE ETCHING. 


PART A 


PART B 


CHANGE AFTER 
15* NaOH 


CHANGE AFTER 
TEXTURING 


CHANGE AFTER 
15* NaOH 


CHANGE AFTER 
TEXTURING 


(mi Is) (ml Is) (ml Is) (mi Is) 


1.18 

.49 

0.44 

.22 

1.16 

.20 

0.75 

.42 

1.16 

.16 

0.88 

. 13 

1.15 

.39 

None 

.55 

1.28 

.39 

2.78 

.41 

1.20 

.65 

4.96 

.70 

1.20 

.68 

7.64 

.68 

1.21 

.26 

None 

.46 

0.93 

.47 

0.51 

.23 

1.13 

.30 

0.63 

.30 

1.21 

.25 

0.97 

.27 

1.14 

.27 

None 

.47 

1.20 

.31 

2.42 

.30 

1.15 

.23 

4.37 

.23 

1.22 

.23 

3.46 

.23 

2.55 

.21 

2.53 

.23 

3.43 

.25 

3.41 

.25 

3.82 

. 16 

3.80 

.17 

0.27 

.32 

None 

.33 
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Table 26 lists the average wafer thickness for each half-lot, as processed 
after texture etching was completed, and the average wafer resistivity. The 
resistivity values are close enough to each other so that comparisons of cell 
performance between lots are not prevented. The given thickness values 
represent what the final cell thickness, exclusive of metal, should be. 

3.7.4 DETAILED PROCESS SEQUENCE 

For convenience, the costing sheets (SAM ICS) and process specification 
sheets included in the Appendix are divided Into ten separate operations. They 
are: 


1) 

wafer si icing 


2) 

substrate texturing 


3) 

ion implantation 


4) 

drive- In anneal 


5) 

silicon nitride deposi 

it ion 

6) 

ohmic contact pattern 

formation 

7) 

nickel plate 


8) 

sinter 


9) 

copper plate 


10) 

ce 1 1 test. 



Each of these operations is specifically detailed in the Appendix, including 
materials consumed, equipment utilized, and process step instructions. 

The first step, wafer slicing, is beyond the scope of this contract, which 
is to learn to utilize thin substrates. Wafers were procurred from the Motorola 
Materials Operation by the Solar R&D Department much as wafers would be obtained 
from an outside vendor. Details of the slicing operation are only available 
to the extent that they facilitate the costing analysis. 
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TABLE 26 


AVERAGE 

WAFER THICKNESS 

AND RESISTIVITY 

FOR PILOT PROCESS LINE 



AVERAGE 



AVERAGE 



WAFER THICKNESS* 

WAFER 

RESISTIVITY 



(mils) 



(D-cm) 


LOT 

PART 


PART 

PART 


PART 

NUMBER 

A 


B 

A 


B 

PL-2 

15.9 


16.9 

.96 


.97 

PL-3 

16.1 


16.3 

1.05 


1 .07 

PL-4 

16.3 


16.6 

1.12 


1.14 

PL-5 

15.9 


16.9 

1.22 


1.22 

PL-6 

15.9 


14.2 

1.16 


1.17 

PL-7 

15.7 


11.8 

1.15 


1.15 

PL-8 

15.6 


9.2 

1.17 


1.18 

Pi. -9 

6.8 


7.8 

1.08 


1 .08 

PL- 10 

7.0 


7.7 

1.10 


1.11 

PL-1 1 

6.7 


7.2 

1.23 


1 .25 

PL- 12 

6. P 


7.0 

1.20 


1.20 

PL- 13 

6.8 


7.8 

1 . 10 


1.10 

PL-14 

6.6 


5.4 

1.07 


1.07 

PL- 15 

7.1 


3.9 

1.25 


1.27 

PL- 16 

7. 1 


4.8 

1 . 16 


1.17 

PL- 17 

5.8 


5.8 

1 . 15 


1 .15 

PL- 18 

4.6 


4.6 

1.22 


1.23 

PL- 19 

4.4 


4.4 

1.23 


1.23 

PL-20 

3.9 


4.2 

1.29 


1 .30 


^Thickness as-processed, after texturing. 
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The second step, texturing, was accomplished using a standard potassium 
hydroxide texturing solution. Substrates were first chemically thinned In \ 5 % 

NaOH for the various times listed In the pilot process matrix and then Immersed 
in the texturing solution to texture both front and back surfaces. 

Ion implantation, step 3, was accomplished with a commercially available 

31 

Var ion/Extr Ion 200 - 1000 ion Implanter. Phosphorus (P ) was implanted into 

the wafer front to form tne n+-p junction, and boron (b'S was implanted into the 

back to form a p+ enhancement layer. The phosphorus front implant was performed 

through a metal shadow-mask which protected ♦he edges of the wafer, forming a 

2 

planar junction. The junction area is 43.3 cm . 

The drive-in anneal, step 4, was performed in a resistance heated tube 
furnace with a quartz tube liner. Wafers were inserted at low temperature and 
ramped up to 950°C. At that temperature the phosphorus and boron dopant atoms are 
activated by assuming substitutional positions ir, the silicon lattice. Next 
oxygen was injected into the furnace and the temperature was ramped down. By 
this method, the phosphorus junction area was oxidized to form a layer of S i 0_, 
about 100$ thick. This is greater than the approximately 40$ layer which can be 
grown on the undoped planar ring surrounding the junction. This oxide thickness 
difference allows differentiation of the front surface from the back surface of the 
solar cell after a silicon nitride layer is applied in the next step. The oxide- 
nitride layer over the undoped planar ring is a visually different color from the 
oxide-nitride layer over the phosphorus doped junctions. Otherwise, there would 
be no way to distinguish front from back. 

Step 5, silicon nitr.de deposition, is accomplished with a standard 
low pressure chemical vapor deposition (LPCVD) silicon nitride system such as 
those commercially available. This results in an extremely uniform coat of Si^N^ 
on both sides of the substrate. The nitride layer Is about 700$ thick and will 
serve as an anti ref lection coating as we 1 1 as a dielectric which can be 
patterned to form an integral plating mask. 
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The ohmic contact pattern, stop 6, is formed in the nitride by screen 
printing an etch resistant black wax over the nitride surface where it is to be 
protected from a buffered HF etch. After etching the ohmic contact openings, 
the wax is removed with a solvent degreaser. 

Next, electroless nickel, stop 7, is plated onto the exposed silicon 
surface. This includes the patterned ohmic grid area on the front and the 
entire back surface. After plating and rinsing, the cells are dried in a 
centrifugal drier. 

Step 8, sinter, is required to assure metal contact adhesion. Heat 

treatment is performed in a quartz lined, resistance heated tube furnace at 
o 

? r >0 C in a nitrogen atmosphere. 

In stop 0, wafers were then individually fixtured and electroplated, one 
at a time, in an electrolytic acid copper solution. This operation was 
conducted on what, today, is only a laboratory scale, but is readily envisioned 
to be scalable to high volume. 

Finally, in step 10, cells were semi -automat ica II y tested for open circuit 
voltage (V^), short circuit current ^ ^ SC ^ ' ant * curren "*’ a P rese t voltage 
(I @ 0.47V). This process required manual positioning or cells under test 
hut test data was automatically acquired with a Hewlett-Packard microprocessor 
control system. 


3. 7.P PILOT PROCESS RESULTS 

The results of running the nineteen lots of wafers through the process 
sequence given in Section 3.7.4 are summarized in the following five detailed 
tables. 

Table 27 details the mechanical yield for each half-lot starring after 


the slicing process and ending after the electrical test. These yields will 


TABLE 27 


ACTUAL YIELDS FOR PILOT PROCESS 
TEST LOTS THROUGH ELECTRICAL 
TEST (MECHANICAL YIELD ONLY) 


PART A PART B 


LOT 

NUMBER 

% 

NUMBER 

% 

NUMBER 

OF CELLS 

YIELD 

OF CELLS 

YIELD 

PL-2 

10 

91 

10 

91 

PL-3 

11 

100 

11 

100 

PL-4 

11 

100 

11 

100 

PL- 5 

1 1 

100 

10 

91 

PL-6 

11 

100 

11 

100 

PL-7 

9 

82 

8 

73 

PL- 8 

11 

100 

10 

91 

PL-9 

7 

64 

7 

64 

PL- 10 

1C 

91 

8 

73 

PL- 1 1 

9 

82 

9 

82 

PL- 12 

9 

82 

9 

82 

PL- 13 

9 

82 

9 

82 

PL- 14 

9 

82 

6 

55 

PL- 15 

o 

82 

6 

55 

PL- 16 

7 

64 

7 

64 

PL- 17 

6 

55 

10 

91 

PL- 18 

5 

45 

10 

91 

PL- 19 

7 

64 

6 

55 

PL-20 

3 

27 

3 

27 


NOTE: Average wafer thicknesses for Part A and Part B of each 

lot are listed in Table 26, page 77. 
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be discussed in a later section, but as expected, thicker wafers were processed 
with higher yields. This was expected for this test because not enough thin 


substrates have as yot been processed to advance from the learning phase and 
viovelop mature process techniques. It is truly expected that at process 
maturity there will be only slight differences in the yields tor all thicknesses 
studied here. Witness the result 1 ' of lots PL-17, part B and PL-18, part B. 

Listed in Table 28, which is continued over five pages, are the semi- 
automatical ly measured electrical test data for each cell remaining in each 
lot. Tin's includes V QC , l sc , and I @ 0.47V. Upon reviewing these data, 
it is apparent that process variables must be exerting a greater overall 
influence on the resulting solar cell performance than are material (substrate) 
variables. Unfortunately, this increases the difficulty of interpreting 
the outcome of the pilot process tests. However, some general observations 
can be made and these will be formulated in the next section. 

The specific data of Table 28 are summarized i n two ways for each half-lot. 
Tables 29 and 30 present the average values (and standard deviations) of open 
circuit voltage and short circuit current, respectively, for each pilot process 
half-lot. These average values can be misleading, however. If the 
individual cell data are studied, it can be seen that in most cases the 
distributions of data for each lot are not normal distributions but are 
skewed toward the high values. The physical mechanisms for generating the 
distributions in cell performance are likely to be ones which will degrade 
a cell from some inherent maximum level of performance. Thus, it is likely 
that the performance of the better cells in each half-lot are more represents r i ve 
of the material capabilities than the mean values of character i st i cs fcr all 
the cells in each ha If- lot. Hence, another wav of summarizing the specific 


cell data is presented in Table 31. 


TABLE 28 


LOT NUMBER 


PL-2 


PL-3 


PL- 4 


CELL TEST RESULTS FOR PILOT PROCESS LOTS 


V OC 

(mV) 

PART A 

‘sc 

(mA) 

1 e .47V 
(mA) 

490 

940 

313 

400 

1375 

-0- 

545 

1420 

348 

315 

1425 

-0- 

460 

1285 

-0- 

300 

1280 

-0- 

470 

1455 

-0- 

320 

1380 

-0- 

555 

1420 

338 

490 

1480 

280 

195 

1335 

-0- 

345 

1295 

-0- 

320 

1340 

-0- 

335 

1360 

-0- 

100 

1470 

-0- 

480 

1300 

295 

410 

1100 

-0- 

475 

1340 

-0- 

465 

1345 

-0- 

490 

1335 

305 

510 

1365 

323 

415 

1355 

-0- 

470 

1135 

-0- 

535 

1145 

338 

470 

1135 

-0- 

530 

1425 

345 

530 

1345 

340 

540 

1390 

345 

505 

1410 

325 

535 

1390 

338 

465 

1425 

-0- 

550 

1435 

343 


PART B 


v oc 

(mV) 

'sc 

(mA) 

1 g .47V 
(mA) 

545 

1505 

340 

345 

1465 

-0- 

485 

1430 

290 

565 

1575 

835 

370 

1420 

-0- 

540 

1440 

330 

355 

1375 

-0- 

545 

1535 

330 

315 

1475 

-0- 

565 

1565 

840 

440 

1375 

-0- 

185 

1450 

-0- 

220 

1415 

-0- 

225 

1120 

-0- 

410 

1355 

-0- 

440 

1320 

-0- 

485 

1310 

300 

510 

1360 

328 

445 

1365 

-0- 

475 

1405 

-0- 

425 

1405 

-0- 

550 

1415 

350 

53C 

1390 

338 

550 

1445 

343 

525 

1445 

335 

540 

1440 

338 

505 

1410 

328 

555 

1365 

353 

505 

1155 

328 

545 

1430 

345 

500 

1115 

305 

535 

1125 

345 


82 


AH' 


TABLE 28 ( Con t i nueri ) 


LOT NUMBER 


OC 
(mV ) 


I 'ART A 

'sc 

<mA) 


I 8 .47V 
<mA) 


OC 

(mV) 


PART B 

'sc 

(mA) 


§ .47V 
(mA) 


1 PL- 5 


PL- 6 


l 

i 

I 

i 



520 

1145 

345 

540 

1335 

355 

545 

1240 

785 

530 

1295 

345 

540 

1 195 

353 

500 

1425 

313 

555 

1325 

885 

560 

1355 

875 

540 

1440 

340 

310 

1420 

-0- 

565 

1350 

983 

550 

1220 

920 

540 

1 165 

348 

550 

1235 

840 

555 

1 330 

910 

545 

1380 

348 

550 

1285 

848 

560 

1390 

755 

550 

1255 

860 

570 

1395 

1045 

575 

1395 

1060 

570 

1365 

985 

530 

1435 

335 

565 

1355 

915 

565 

1820 

705 

580 

1375 

1068 

560 

1545 

785 

575 

1375 

1018 

570 

1345 

835 

555 

1475 

343 

580 

1405 

1130 

560 

1345 

930 

555 

1330 

913 

490 

1040 

305 

530 

1 195 

338 

545 

1 165 

350 

540 

1 160 

350 

520 

1515 

310 

460 

1450 

-0- 

575 

1385 

1050 

555 

1405 

810 

5-.-, 

1395 

1068 


d 3 


360 

1440 

-0- 

550 

1465 

34 S 

570 

1380 

985 

5 b 5 

1370 

970 

545 

1440 

340 

525 

1170 

338 

545 

1350 

350 

340 

1330 

348 

525 

1150 

343 

550 

1260 

885 


520 

1410 

333 

560 

1370 

940 

560 

1330 

865 

565 

1375 

940 

550 

1260 

823 

555 

1285 

865 

555 

1290 

885 

560 

1305 

903 

545 

1245 

810 

560 

1305 

920 

545 

1270 

785 

57 0 

1385 

930 

57 - ' 

1420 

1055 

875 

1330 

980 

575 

1380 

930 

560 

1270 

890 

565 

1355 

923 

550 

1470 

338 

565 

1310 

903 


570 

1425 

1020 

540 

1430 

343 

560 

1315 

890 

550 

1210 

835 

535 

1460 

323 

480 

1035 

288 

475 

1070 

-0- 

510 

1060 

333 

540 

1320 

350 

540 

1490 

333 


TABLE 28 (Continued) 


ft 


LOT NUMBER 

v oc 

(mV) 

PART A 

‘sc 

(mA) 

1 « .47V 
(mA) 

V 0C 

(mV) 

PART B 

'sc 

(mA) 

1 @ .47V 
(mA) 

PL-9 

540 

1365 

348 

540 

1375 

348 


540 

1420 

348 

560 

1370 

915 


540 

1415 

343 

550 

1365 

355 


555 

1365 

835 

560 

1350 

920 


540 

1370 

348 

560 

1340 

876 


555 

1510 

810 

555 

1390 

765 


555 

1420 

823 

565 

1355 

955 

PL- 10 

570 

1330 

933 

565 

1365 

963 


560 

1315 

920 

570 

1380 

1005 


555 

1410 

350 

565 

1365 

1000 


570 

1310 

1010 

545 

1375 

353 


570 

1280 

1005 

570 

1390 

1095 


570 

1295 

1020 

505 

1525 

300 


570 

1280 

990 

555 

1335 

840 


565 

1350 

1000 

570 

1390 

1005 


565 

1365 

1005 





570 

1330 

1000 




PL- 11 

275 

1320 

-0- 

440 

1310 

-0- 


270 

1325 

-0- 

395 

1310 

-0- 


285 

1285 

-0- 

475 

1340 

-0- 


290 

1300 

-0- 

420 

1290 

-0- 


290 

1295 

-0- 

460 

1375 

-0- 


325 

1270 

-0- 

495 

1355 

305 


345 

1275 

-0- 

415 

1325 

-0- 


310 

1310 

-0- 

425 

1320 

-0- 


300 

1295 

-0- 

410 

1385 

-0- 

PL- 12 

545 

1315 

730 

565 

1140 

695 


545 

1330 

348 

560 

1275 

875 


550 

1295 

835 

560 

1295 

928 


545 

1295 

710 

550 

1260 

830 


555 

1290 

890 

555 

1295 

878 


535 

1360 

348 

560 

1295 

890 


555 

1305 

890 

555 

1265 

755 


540 

1295 

700 

510 

1470 

320 


555 

1295 

865 

555 

1315 

915 
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TABLE 28 (Continued) 


LOT NUMBER 

v oc 

(mV) 

PART A 
'sc 

<mA) 

1 @ .47V 
(mA) 

V 0C 

(mV) 

PART B 

'sc 

(mA) 

1 0 .47V 
(mA) 

PL- 13 

255 

1110 

-0- 

195 

1445 

-0- 


275 

1100 

-0- 

235 

1415 

-0- 


245 

1245 

-0- 

195 

1330 

-0- 


280 

1335 

-0- 

220 

1260 

-0- 


270 

1260 

-0- 

210 

1355 

-0- 


280 

1265 

-0- 

190 

1290 

-0- 


265 

1300 

-0- 

265 

1295 

-0- 


245 

1400 

-0- 

245 

1275 

-0- 


230 

1340 

-0- 

215 

1275 

-0- 

PL- 14 

540 

1330 

343 

565 

1140 

798 


530 

1305 

335 

545 

1300 

350 


440 

1450 

-0- 

540 

1305 

340 


525 

1285 

338 

540 

1300 

345 


545 

1295 

348 

455 

1235 

-0- 


535 

1300 

343 

470 

1330 

-0- 


510 

1270 

328 





505 

1415 

318 





450 

1265 

-0- 




PL- 1 5 

560 

1270 

990 

565 

1240 

978 


540 

1150 

340 

555 

1235 

885 


555 

1250 

910 

565 

1245 

1000 


550 

1250 

830 

560 

1235 

915 


560 

1275 

995 

565 

1210 

10’0 


560 

1240 

963 

560 

1265 

915 


540 

1 160 

330 





560 

1250 

1000 





555 

1230 

875 




PL-16 

545 

1400 

350 

560 

1275 

885 


545 

1345 

345 

565 

1300 

968 


545 

1300 

350 

555 

1280 

880 


545 

1340 

353 

560 

1290 

920 


565 

1300 

935 

560 

1290 

965 


560 

1305 

880 

560 

1275 

P60 


565 

1 280 

900 

555 

1230 

855 


t, 

fer 
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TABLE 28 (Continued) 


, NUMBER 


PL- 17 


PL- 18 


PL- 19 


PL-20 


v 

X 

(mV) 

PART A 

'sc 

(mA) 

1 « .47V 
(mA) 

v oc 

(mV) 

PART B 

'sc 

(mA) 

1 # .47V 
(mA) 

530 

1290 

330 

560 

1315 

630 

560 

1290 

780 

575 

1345 

1030 

565 

1320 

925 

570 

1340 

953 

540 

1415 

328 

565 

1355 

950 

570 

1325 

903 

565 

1315 

880 

565 

1315 

878 

565 

1315 

888 




565 

1335 

1018 




570 

1305 

1020 




560 

1250 

850 




565 

1250 

940 

575 

1325 

1090 

575 

1340 

1140 

575 

1325 

1090 

575 

1315 

1075 

575 

1330 

1098 

575 

1315 

1080 

580 

1325 

1093 

575 

1340 

1025 

575 

1305 

1005 

575 

1310 

1085 




580 

1310 

1085 




575 

1325 

1040 




580 

1340 

1110 




575 

1340 

1098 




570 

1290 

990 

575 

1320 

1118 

565 

1290 

965 

570 

1300 

1133 

565 

1285 

1033 

560 

1255 

958 

570 

1260 

1045 

575 

1310 

1105 

570 

1305 

1010 

575 

1315 

1060 

565 

1260 

955 

565 

1265 

1000 

565 

1230 

1018 

560 

1265 

940 




575 

1435 

1140 

580 

1415 

1123 

580 

1375 

1060 

585 

1405 

1150 

580 

1385 

1060 

580 

1390 

1085 


Vi 
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TABLE 29 


AVERAGE VALUES OF OPEN CIRCUIT VOLTAGE, 
Vqc» FOR PILOT PROCESS LOTS. 


PART A PART B 



AVERAGE 

STANDARD 

AVERAGE 

STANDARD 

LOT 


DEVIATION 

v nr 

DEVIATION 

NUMBER 

(m99 

(mV) 

(m99 

(mV) 


PL-2 

435 

95 

463 

104 

PL-3 

375 

132 

387 

118 

PL-4 

506 

45 

531 

20 

PL- 3 

519 

72 

528 

61 

PL-6 

556 

11 

552 

13 

PL-7 

564 

16 

567 

9 

PL-8 

537 

36 

530 

32 

PL- 9 

546 

8 

556 

8 

PL- 10 

567 

5 

556 

22 

PL-1 1 

299 

24 

437 

33 

PL- 12 

547 

7 

552 

16 

PL- 13 

261 

18 

219 

25 

PL- 14 

509 

39 

519 

45 

PL- 15 

553 

8 

562 

4 

PL-16 

553 

10 

559 

3 

PL- 17 

555 

16 

566 

5 

PL- 18 

576 

2 

576 

3 

PL- 19 

569 

7 

567 

3 

PL-20 

578 

3 

582 

3 
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TABLE 3U 


AVERAGE VALUES OF SHORT CIRCUIT CURRENT, 
l $c , FOR PILOT PROCESS LOTS. 


PART A 


PART B 


LOT 

NUMBER 


AVERAGE 

lift. 


STANDARD 

DEVIATION 

(mA) 


AVERAGE 

!»> 


STANDARD 

DEVIATION 

(mA) 


PL-2 

1346 

157 

1479 

66 

PL-3 

1326 

88 

1353 

88 

PL-4 

1326 

124 

1340 

136 

PL-5 

1320 

95 

1336 

110 

PL-6 

1310 

82 

1313 

52 

PL-7 

1426 

73 

1371 

62 

PL-8 

1316 

155 

1282 

176 

PL-9 

1409 

51 

1364 

17 

PL- 10 

1327 

40 

1391 

57 

PL- 11 

1297 

19 

1334 

34 

PL- 12 

1309 

23 

1290 

85 

PL- 13 

1262 

101 

1327 

66 

PL- 14 

1324 

65 

1268 

70 

Fl-15 

1231 

45 

1238 

18 

PL- 16 

1324 

41 

1277 

23 

PL- 17 

1326 

46 

1313 

37 

PL- 18 

1322 

10 

1322 

17 

PL- 19 

1290 

27 

1272 

27 

PL-20 

1398 

32 

1403 

13 
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TABLE 31 



AVERAGE 01 THE THREE HIGHEST VALUES OF V 
AND l sc FOR PILOT PROCESS LOTS. 





Table 31 lists the average of the three highest values of or 
occurring in each ha If- lot. It can be observed that, with a few notable 
exceptions such as lots PL-3, PL-11, and PL-13, these average values are 
much more consistent from lot to lot. 

3.7.6 ANALYS I S 

It was originally anticipated that a cell performance trend versus thickness 
could be established. It is obvious that process variations have limited the 
extent to which this can be accomplished with the pilot process test lots. The 
data (average of three highest values) from Table 31 present no clear picture 
of firm trends. Rather, they suggest that there is little variation of cell 
performance parameters over the thickness range considered. These data are 
plotted graphically in Figure 22. There is no obvious trend in the open circuit 
voltage. If anything, all values shown may be lower th^n they should be 
for the 1.1 ft-cm substrates processed. On the other hand, the plotted averages 
of short circuit current do suggest a slight trend toward lower values as cell 
substrates become thinner. This is to be anticipated. The decrease appears to 
begin for wafers thinner than 8 mils and may represent a loss of as little as 50 mA 
or as much as 100 mA for substrates as thin as 4 mils. 

To obtain a better view of performance variations versus substrate thickness, 
the pilot process half lots were divided into three categories. This division 
is defined in Table 32. Results can now be considered as a function of three 
basic thicknesses, nominally 15, 7, and 4 mils for categories I, II, and III 
respectively. 

The open circuit voltage and short circuit current for every cell in 
each thickness category is entered as part of a histogram in one of Figures 23 
through 28. The open circuit voltage distributions for the nomina, ,y 15 mil 
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TABLE 32 


DEFINITION OF THREE GENERAL CATEGORIES OF SUBSTRATE THICKNESS 


AVERAGE 

WAFER THICKNESS* 
(ml Is) 


LOT 

PART 

PART 

NUMBER 

A 

B 

PL-2 

15.9 

16.9 

PL-3 

16.1 

16.3 

PL-4 

16.3 1 

16.6 

PL- 5 

15.9 

16.9 

PL-6 

15.9 

14.2 

PL-7 

15.7 

11. d 

PL-8 

15.6 

9,2 

PL' 9 

6.8 

7.8 

PL- 10 

7.0 

7.7 

PL- 11 

6.7 

7.2 

PL- 12 

6.8 

1 1 

7.0 

PL- 13 

6.8 

7.8 

PL- 14 

6.6 

| 5.4 

PL- 15 

7.1 


3.9 

PL-16 

7.1 


4.8 

PL- 17 

5.8 

5 - 8 | 

PL- 18 

4.6 

4.6 

PL- 19 

4.4 III 

4.4 

PL-20 

3.9 

4.2 


AVERAGE 

WAFER RESISTIVITY 
(fl-cm) 

PART PART 

A B 


.96 

1.05 

1.12 

1.22 

1.16 

1.15 
1.17 
1.08 
1.10 
1.23 
1.20 
1.10 
1.07 
1.25 

1.16 
1.15 
1.22 
1.23 
1.29 


.97 

1.07 
I 1.14 

1.22 

1.17 

1.15 

_ K18 

1.08 

1.11 
1.25 
II 1 .20 

1.10 

1.07 
1.27 
1.17 
1.15 | 

1.23 
III 1.23 

1.30 


THICKNESS CATEGORY 


{ 


I 

II 

I I I 


^Thickness as-processed, 


14.2 - 16.9 mils 
6.6 - 7.8 mils 
3.9 - 4.8 mi I s 

after texturing 


1.12 0-cm 
1.15 S2-cm 
1 .24 0-cm 
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NUMBER OR CELLS 





NUMBER 
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f'lOURF. .'5 


HISTOGRAM Of CATEGORY III OPEN CIRCUIT VOLTAGE VALUES 


CATEGORY I I I : 
^ - 4.8 ml Is 



NUMBER 0 F CELL 


FIGURE 26 


HISTOGRAM OF CATEGORY I SHORT CIRCUIT CURRENT VALUES 




CATEGORY I: 

14.2 - 16.9 mi Is 


20 


15 

Ol 


10 


0 



SHORT CIRCUIT CURRENT, l sc (mA) 
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FIGURE 27 


HISTOGRAM OF CATEGORY II SHORT CIRCUIT CURRENT VALUES 




FIGURE 28 


HISTOGRAM OF CATEGORY III SHORT CIRCUIT CURRENT VALUES 


CATEGORY III: 
3.9 - 4.8 mils 
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and 7 mil cells show the values skewed toward the high end. The voltage 
distributions for the 15 mil and 7 mil devices are similar, while distribution 
for the nominal'/ 4 mil cells may peak about 10 mV higher. The shape of the 
short circuit current distributions are similar for all three categories 
and look to be almost normally distributed. However, both the 7 mil and 4 mil 
histograms seem to peak at values of about 75 mA lower than for the 15 mil 
cel Is. 
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4.0 


CONCLUSIONS 


The baseline cell process which produces a solar cell with a simple n+p 
structure also produces cells whose performance decreases as substrates are made 
thinner. This Is In direct agreement with theoretical predictions. For the 
Initial experiments performed on this contract, power output for n+p cells 
fabricated on 7.0 mil substrates is 96.8)6 that of cells on 17.4 mil substrates, 
and power output for cells on 4.2 mil substrates is 87.1)6 that of 17.4 mil cells. 
These losses may not be incurred if a more complex n+pp+ solar cell structure 
is used. However, if only the baseline cell process were considered, these 
power losses must be traded against the lower prices of the thinner substrates. 

An I PEG price analysis has been performed for the substrate formation 
process. Starting with today's costs for three Inch diameter Czochralski single 
crystal silicon ingots, and assuming wafers were sliced using a multiple-wire 
sawing process, it has been estimated that prices for 13 mil, 8 mil, and 5 m . 
as-sawed substrates should be $2.77 per watt, $2.33 per watt, and $2.03 per 
watt, respectively. 

These specific prices would indicate the relative cost savings of 
fabricating cells on thin substrates if the cell processing yields and cell 
output powers were identical for all three substrate thicknesses. Work on this 
contract has indicated that it is not unreasonable to assume that processing 
yields can be maintained for any substrate thickness down to the 4.2 mil 
values included in this study, once process maturity is attained. 

On the other hand, cell output power will depend directly on the process 
sequence chosen. If the $2.77/W 13 mil substrate is taken as reference, and 
If the 8 mil substrate produces a power output only 0.968 that of the 13 mil 
substrate, then the effective price of the 8 mil substrate is $2.33/0.968 
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or S2.41/W. If the 5 mil substrate produces a power output only 0.871 that of the 
13 mil substrate, then the effective price of the 5 mil substrate Is $2.03/ 

0.871 or S2.33/W. The conclusion to be drawn here is that even with the use 
of a simple cell structure where cell power falls as the substrate is thinned, 
it will be cost effective to use the thinner substrates. 

This cost effectiveness can be enhanced if an advanced cell structure Is 
used to improve thin cell performance and can be fabricated for the same 
expense. An attempt to implement this strategy was made by choosing the 
pilot process sequence discussed in this report and initiating that process 
for 418 test wafers of varying thicknesses. By choosing ion implantation 
techniques, a back surface enhancement layer can be added to the cell structure 
with minimum complication of the process sequence. The cell test data for 
substrates which completed the pilot process sequence confirm, to some extent, that 
cell voltage can be maintained relatively independent of substrate thickness 
over the range of 4 to 17 mils. However, for the chosen process there Is 
some loss of short circuit current as substrates became thinner than 7 mils. 
Unfortunately, it is believed that the absence of process maturity has resulted 
in the scattered data which has complicated the analysis. Over 400 wafers were 
processed through the pilot sequence, but this did not represent adequate 
time to complete the required learning period for handling very thin substrates 
and establishing process control (and thus achieve a mature pilot operation). 
Nevertheless, it is still concluded that the techniques embodied in the pilot 
process sequence specified in this report are the proper choices for efficient 
processing of thin substrates in the near term. 
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5.0 


RECOMMENDATIONS 


It is recommended that, for reduction of cost with today's material supply 
considerations, thin silicon substrates be used for fabricating solar cells. 
Substrates with thicknesses in the renge of 7 to 8 mils should result in 
immediate savings with little learning time required to establish a mature 
production process. Substrates as thin a? 4 mils would require a somewhat 
longer learning period but would result in u.i iher cost reductions. 

Although not a fcentra! consideration of this contract, the Interactive 
effects of Ion implantation techniques and silicon substrate material 
parameters and structures have been observed during the course of pilot process 
development (and have also been reported by other participants In the JPL-LSA 
Project.) Since ion implantation processing can result In major simplification 
for advanced thin cell fabrication, it is recommended that additional studies 
be initiated and carried forward by the LSA Project to determine the exact 
physical nature of the interaciton between silicon material properties and solar 
cell performance when ion implantation is employed. 


6.0 


NEW TECHNOLOGY 


No roportable items of new technology have been identified. 
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7.0 


APPEND I X 


Appended to this report are the Specification Process Sheets for the 
Pilot Process, as implemented during this project, and the SAMICS Cost Analysis, 
detailing the cost requirements as needed for implementation of the process 
sequence in a pilot line facility. 
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SECTION 7.1 


SPECIF ICAT I C:,' PROCESS SHEETS 
FOR THE 
PILOT PROCESS 
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PILOT PROCESS SPECIFICATION 


This specification details the manner In which 418 test wafers of various 
thicknesses were fabricated with the chosen pilot process. The basic steps of 
the process sequence are: 

1 ) slice 

2) texture etch 

3) ion implant, n and p type 

4) drive- In anneal 

5 ) silicon nitride deposition 

6) screened wax mask pattern 

7) electroless nickel plate 

8) metal sinter 

9 ) electrolytic copper plate 

10) cell test. 

The only step which was not performed as part of this contract effort is 
step 1, , 'slice ,, . Each of the other steps Is detailed in the sheets that follow, 
giving lists of chemical and material supplies, lists of equipment, and detailed 
process step descriptions. 
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Motorola Inc. 
Contract 955328 
February 1981 


PROCESS STEP; TEXTURE ETCH 

A. Chemical and Material Supplies - General Comments 

All liquid chemicals are semiconductor, high purity grade. 

All deionized water is better than 14 megohm-crn resistivity 

with low total organic carbon (TOC) level and is filtered at 
point of use. 

B. Equipment - General Comments 

All wet chemical processing is done at exhausted acid processing 
stations. Each includes essentially the following components 
Temperature controlled baths with stirring and/or 
recirculating filtration. 

D. I . water rinse tanks with agitation. 

Waste siphons 
1^ blow guns. 

All work stations include the following general supplies: 
Protective gloves (acid) 

Protective clothing (acid) 

Teflon tweezers 
Teflon stir bars 
Bath thermometer 
Funnels 

Graduated cylinders 
Graduated beakers 
Timers 
Scales 
Ph meters 


107 


Texture Etch (Continued) 

C. Chemical and Material Supply list 

Sodium Hydroxide, NaOH, 1 5* 

Sulfuric Acid, H 2 S0 4 , 98* 

Hydrofluoric Acid, HF, 49* 

Hydrogen Peroxide, H^O^, 30* 

Isopropyl Alcohol, I PA 

Texture Etch Bath (Proprietary to Motorola) 

Deionized (Dl) Water 

D. Equipment List 

Exhausted acid processing stations 
Wafer spin dryer 

Teflon wafer carriers with handles 
Quartz wafer carriers 

E. Detailed process description 

1. Load substrates into teflon carriers 

2. Clean, H„SO./10* H„0 o , 105°C, 10 min. 

3. Rinse, D.l. water, 10 min. 

4. Etch, 10:1 H 2 0/HF, 30 sec. 

5. Rinse, D.l. water, 5 min. 

6. Etch, NaOH, 15*, 100°C, time variable as desired. 

7. Rinse, D.l. water, 5 min. 

8. Load into quartz carrier . 

9. Rinse, I PA, 10 sec. 

10. Texture etch, 80°C, 60 min. 

11. Rinse, D.l. water, 10 min. 

12. Load into teflon carrier. 

13. Spin dry, 600 RPM, 3 min (300 RPM for thin wafers). 
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C, all times In minutes are i!5 sec., all 



Motorola Inc. 
Contract 955328 
Fabruary 1981 


PROCESS STEP: ION IMPLANT. N AND P TYPE 

A. Chemical and Material Supplies - General Comments 

All process gases, bottled or facility plumbed, are high purity, 
electronic grade with point of use filtration. 

B. Chemical and Material Supply List 

Phosphine, PH^, Dopant Grade, 15# PHj in H^, Matheson 
Boron Tr I fluoride, BF^, Dopant Grade, 100# BFy Matheson 

C. Equipment List 

Varian Extrion Ion Implanter, Model 200-1000 
Cell holders, back Implant. 

Cell holders, front junction masked Implant. 

Vacuum cell pickup wand. 

Gloves, lint free cloth. 

D. Detailed Process Description 

1. Load back implant holders 

11 i c m o 

?> Implant Boron, B , 4 x 10 cm , 35 KeV, 1 mA max. beam 

3. Load front Implant holders 

15 -2 

4. Implant Phosphorus, 4 x 10 cm ,35 keV, 2 mA max. beam 

5. Unload holders Into teflon carriers. 

E. Process Tolerances 

All implant parameters are controlled by the ion implanter but 
should remain within ±5#. 
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Motorola Inc. 
Contract 955328 
February 1981 


PROCESS STEP: DRIVE-IN ANNEAL 

A. Chemical and Material Supplies - General Comments 

All process gases, bottled or facility plumbed, are high purity, 
electronic grade with point of use filtration. 

All deionized water is better than 14 megohm-cm resistivity 

with low total organic carbon (TOC) level and is filtered at 
point of use. 

B. Equipment - General Comments 

Conventional semiconductor diffusion furnaces include appropriate 

gas and temperature controls and quartz tubes. 1 Also, calibration 
thermocouples are provided. 

C. Chemical and Material Supply List 

Nitrogen, N 2 * facility plumbed from source. 

Oxygen, 0^, facility plumbed from LO 2 source. 

Deionized (D.l.) water. 

D Equipment List 


Conventional diffusion furnace, Thermco, using 130/135 mm tubes 

Quartz wafer carrier 

Quartz carrier transfer boat 

Wafer Spin Dryer, Fluoroware Systems Corp. 

D. I . water rinse bath 



nr iv/a- In Anneal (Continued) 

4 point probe resistance meter, Veeco 
Wafer groover Junction depth 

E. Detailed Process Description 

1. Rinse, D. I . Water, 10 min. 

2. Spin Dry, 600 RPM, 3 min. (300 RPM for thin wafers) 

3. Load Into quartz carriers 

4. Drive-Inn anneal, N 2 ; 550°C, 30 min.; ramp to 950°C - 30 min.; 
950°C , 0 2 , 5 min.; ramp to 600°C, 130 min. 

N 2 flow is constant at 8 £/mln. 

0 2 flow on at 8 t/min. during 5 min. cycle only. 

5. Load into teflon carriers. 

F. Process Tolerances 

All temperatures are ±1°C, all gas flows are ±10?, all times are 
± 1 5 sec . 
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Motorola Inc. 

Contract 955328 
February 1981 

PROCESS STEP: SILICON NITRIDE DEPOSITION 

A. Chemical and Material Supplies - General Comments 

All process gases, bottled or facility plumbed, are high quality, 
electronic grade with point of use filtration. 

All deionized water is better than 14 megohm-cm resistivity 

with low total organic carbon (TOC) level and is filtered at 
point of use. 

B. Equipment - General Comments 

Conventional semiconductor diffusion furnacces include appropriate 

gas and temperature controls and quartz tubes. Also calibration 
thermocouples are provided. 

C. Chemical and Material Supply List 

Jichlorosi lane, S i C I ^ # 100$, Unde 

Ammonia, NH^, 100$, Linde 

Nitrogen, N£, facility plumbed fron LN£ source 
De i on i zed water 

D. Equipment List 

Conventional Diffusion Furnace, Thermco, using 130/135 mm tubes 
Low pressure CVD system with gas control and vacuum system, Tylan 
process control ler 
Quartz wafer carrier 
Quartz carrier transfer boat 
Teflon wafer carriers 
D. I . water rinse bath 

Wafer Spin Dryer, Fluoroware Systems Corp. 

Ellipsometer Thickness Measurement, Applied Materials 


Silicon Nitride Deposition (Continued) 
E. Detailed Process Description 


1. Rinse, D. I . water, 10 min. 

2. Spin Dry, 600 RPM, 3 min. (300 RPM for thin wafers) 

3. Load Into quartz carriers 

4. Deposit 750$ silicon nitride, , 

load end to pump end temperature profile: 780°C - 800°C - 820°C 

pump down <30 pm pressure, 2 min. 

N 2 purge at 400pm pressure, 5 min. 
pump down < 30pm pressure, 2 min. 
leak check < 50pm pressure, 30 sec. 
pump down < 30pm pressure, 30 sec. 

NHj pre-purge : 400pm pressure, 30 sec. 
gas flow @ 100 cc/min. 

NH 5 and f^SIC^ deposition @ 400pm pressure, 15 min. 

NHj flow same, H^SiCI^ flow § 30 cc/min. 

NH^ post-purge « 400pm pressure, 30 sec. 
pump down < 30pm pressure, 1 min. 

purge @ 400pm pressure, 2 min. 
vent, 2 min. 

5. Load Into teflon wafer carriers. 

F. Process Tolerances 

All temperatures are ± 1°C, all gas flows are ± 10?, all times in 
minutes are ± 15 sec, all times in seconds are ± 5 sec. 


Motorola Inc. 
Contract 955328 
February 1981 


PROCESS STEP: SCREENED WAX MASK PATTERN 

A. Chemical and Material Supplies - General Comments 

All liquid chemicals are semiconductor, high purity grade. 

All deionized water is better than 14 megohm-cm resistivity 

with low total organic carbon (TOC) level and is filtered at 
point of use. 

B. Equipment - General Comments 

All wet chemical processing is done at exhausted processing 

stations. Each includes essentially the following components 
Temperature controlled baths with stirring and/or 
recirculating filtration, 
n. I . water rinse tanks with agitation. 

Waste siphons 
N-, blow guns. 

A I ! work stations include the following general supplies: 
Protective gloves (acid) 

Protective clothing (acid) 

Teflon tweezers 
Tef Ion stir bars 
Bath thermometer 
Funnels 

Graduated cylinders 
Graduated beakers 


Timers 




Screened Wax Mask Pattern (Continued) 

C. Chemical and Material Supply List 

Black acid resist wax, Colonial ER 1095 - Fine Line. 
Dlchloromethane Solvent 
Deionized water 
Hydrofluoric Acid, HF, 49$ 

Ammonium Fluoride, NH^F, 40$. 

D. Equipment List 

Exhausted Acid Processing Station, Integrated Air Systems 
Ultrasonic Solvent Vapor Degreaser, Branson 
Screen Printer, Wells Electronics, Inc. 

Wafer Spin Dryer, Fluoroware Systems Corp. 

Low temperature drying oven, Pacific Combustion Engineering Co. 

Teflon wafer carriers with handles 

Wafer drying trays 

Screen printer masks 

Spatu las 

E. Detailed Process Description 

1. Wax screen preohm ic plating pattern 

2. Dry wax, trays, 90°C, 15 min. 

3. Load into teflon carriers 

4. Etch, buffered HF, 4:1 HFsNH^F, 45°C, 2 min. 

5. Rinse, D. I. water, 5 min. 

6. Spin dry, 600 RPM, 3 min. (300 RPM for thin wafers) 

7. Remove wax, vapor solvent degrease, 5 min. 

F. Process Tolerances 

All temperatures are t 2°C, all times are ± 15 sec. 


Motoro la Inc. 
Contract 955328 
February 1981 


PROCESS STEP: ELECTROLESS NICKEL PLATE 

A. Chemical and Material Supplies - General Comments 

All liquid chemicals are semiconductor, high purity grade. 

All powdered chemicals are reagent grade. 

All deionized water is better than 14 megohm-cm resistivity 

with low total organic carbon (TOC) level and is filtered at 
point of use. 

B. Equipment - General Comments 

All wet chemical processing is done at exhausted processing 

stations. Each includes essentially the following components 
Temperature controlled baths with stirring and/or 
recirculating filtration. 

P. i . water rinse tanks with N-, agitation. 

Waste siphons 
blow guns. 

All work stations include the following general supplies: 
Protective gloves (acid) 

Protective clothing (acid) 

Teflon tweezers 
Tef Ion stir bars 
Bath thermometer 
Funnels 

Graduated cylinders 
Graduated beakers 
Timers 
Scales 


Ph meters 


Electroless Nickel Plate (Continued) 


C. Chemical and Material Supply List 

Electroless Nickel Plating Bath, pH 10.0 - 10.5 
Nlckelous Sulfate, NISo^, 25 g/t 
Sodium pyrophosphate, Na^O^, 50 g/fc 
Sodium hypophosphlte, Na^F^, 12 g/t 
Ammonium Hydroxide, NH^OH, 285? NH^, 12 ml/£ 
Hydrofluoric Acid, HF, 495? 

Deionized water 

D. Equipment List 

Exhausted Acid Processing Station, Integrated Air Systems 
Wafer Spin Dryer, Fluoroware Systems Corp. 

Teflon wafer carriers with handles 

E. Detailed Process Description 


1 . 

Etch, 50:1 H 2 0/HF, 30 sec, 

» 


2. 

Rinse, D. 1 . water, 5 min. 



3. 

Plate electroless nickel. 

65°C, 

5 min. 

4. 

Rinse, D.l. water, 5 min. 



5. 

Spin dry, 600 RPM, 3 min. 

(300 

RPM for thin wafers) 


F. Process Tolerances 

All temperatures are ± 2°C, all times in minutes are ± 15 sec 
all times in seconds are ± 5 sec. 
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'Mb. 


Motoro la Inc. 
Contract 955328 
February 1981 


PROCESS STEP: METAL SINTER 

A. Chemical and Material Supplies - General Comments 

All process gases, bottled or facility plumbed, are high purity, 
electronic grade with point of use filtration. 

B. Equipment - General Comments 

Conventional semiconductor diffusion furnaces include appropriate 

gas and temperature controls and quartz tubes. Also calibration 
thermocouples are provided. 

C. Chemical and Material Supply List 

Nitrogen, N^, facility piumbed 

D. Equipment List 

Conventional Diffusion Furnace, Thermco 
Quartz wafer carriers 
Quartz carrier transfer boat 
Teflon wafer carriers 

E. Detail Process Description 

1. Load wafers into quartz carriers 

2. Sinter, 250°C, N^, .60 min. , flow at 10 H/nin. 

3. Load wafers into teflon carrier . 

F. Process Tolerances 

All temperatures are ± 2°c, all times are ± 15 sec. 
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Motorola Inc. 
Contract 955328 
February 1981 


PROCESS STEP: ELECTROLYTIC COPPER PLATE 

A. Chemical and Material Supplies - General Comments 

All liquid chemicals are semiconductor, high purity grade. 

All powdered chemicals are reagent grade. 

All deionized water is better than 14 megohm-cm resistivity 

with low total organic carbon (TOC) level and is filtered at 
point of use. 

B. Equipment - General Comments 

All wet chemical processing is done at exhausted processing 

stations. Each includes essentially the following components 
Temperature controlled baths with stirring and/or 
recirculating filtration. 

D. I . water rinse tanks with Nj agitation. 

Waste siphons 
^ blow guns. 

All work stations include the following general supplies: 
Protective gloves (acid) 

Protective clothing (acid) 

Tefion tweezers 
Teflon stir bars 
Bath thermometer 
Funnels 

Graduated cylinders 

Graduated beakers 

Timers 

Scales 

Ph meters 


120 


I l ot tfolyti< C< jppor PI, i to (Continued) 

C. Chemical and Material Supply List 

Electrolytic Copper Bath 

Cupric Sulfate, CuSo^. 187 g/l 

Sulfuric Acid, ^8?!, 21 ml/t 

2 

Current 0.05A/cm 
Temperature 22°C 

Electroless Nickel /Boron Bath, pH 10.0 - 10.? 

Nickelous Sulfate, NiSO^ 25 g/fc 
Sodium pyrophosphate, NaP20 7 50 g/« 

Dimethyl amine Borane, DMAS 39/t 
Ammonium Hydroxide, NH^OH, 12 ml/«, 

Deionized Water 
Oxygen-Free Copper Electrodes 

D. Equipment List 

Exhausted Acid Processing Station, Integrated Air Systems 
Spin Dryer, Fluoroware Systems Corp. 

Electroplate wafer fixture 
Teflon wafer carriers 

E. Detailed Process Description 


1 . 

Plate, 

electrolytic Cu, R.T., 3 min. 

2. 

Ri nse. 

D. 1 . water, 5 min. 

3. 

Plate, 

Electroless Ni/B, 40°C, 5 min. 

4. 

Rinse, 

D. 1 . Water, 5 mi n. 

5. 

S~ n dry, 600 RPM, 3 min (300 RPM for thin wafers) 


Process Tolerances 

All temperatures are ± 2°C, all times are i 15 sec. 


F. 


Motorola Inc. 
Contract 955320 
February 1981 


PROCESS STEP: CELL TEST 

A. Chemical and Material Supply List 

None 

B. Equipment List 

Light Source and Probe Stage, ENH lamps, custom fabricated 
Electronic Test Power Supply, Hewlett-Packard 6281A 
Computer Processor, Hewlett-Packard 9025A 

C. Detailed Procei Description 

1 . PI ace cell on stage 

2 . Test, Automatic Sequence and Data Acquisition 

3. Sort cells per data 
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SECTION 7.2 


THE ESTABLISHMENT OF A PRODUCTION-READY 
MANUFACTURING PROCESS UTILIZING THIN SILICON 
SUBSTRATES FOR SOLAR CELLS 


SAMICS COST ANALYSIS 


CONTENTS ; 

1. Expense item additions - temporary cost account listing. 

2. Format A set I: process starting with 13 mil thick slices. 

3. Format A set II: process starting with 8 mil thick slices. 

4. Format A set III: Process starting with 5 mil thick slices. 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 




A1 

A2 




FORMAT A 


PROCESS DISCRETION 


in rmn uwN ummioii 

CftM—m I* laiMMi* •< 

400 ft Ott Gw Of / C«W fllOi 


St<cg- /> 


(Referent) 
(Descriptive Name) 


Nett: Nairn* given In bracken I ) 
arc the name* of proem attribute* 
requested by the SAMIS III 
computer program. 


SUClAK. *P | Mb UTS TP II A/t 


MULCT SAkU 


PART 1 - PRODUCT DESCRIPTION 
AS IhilMt Wnfamw) ^ ^ FI 

A4 n— «i P «iw N«m«f "TriCCS- i \)cU T> • A itcgTg/t , / S At re. ~rUte k. 

'MhPC.lL ' 


AS Unit Of Measure (Product Unit*) SqUACC. /MCTCg. 
PART 2 - PROCESS CHARACTERISTICS 


AS 

(Output Ratal (Not Thruput) 

3.-11 €-3 

- Units (given on line AS) Per Operating Minute 

A7 

Average Time at Station __ 

2lo 

. Calendar Minutes (Used only to compute 


(Processing Time) 

am 

in-process inventory) 

AS 

Machine "Up" Time Fraction 

0.7 O 

. Operating Minutes Per Minute 


(Usage Fraction) 




PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

AS Component (Referent) 

ASa Component (Descriptive Name) (Optional) Sft*? 


A10 Base Year For Equipment Prieei (Price Year) W7? 

All PurchaM Price (S Per Component) (Purchase Cost) T *?-.?■ 

A12 Anticipated Useful Life (Years) (Useful Life) Z.— 

A13 (Salvage Value) ($ Per Component) ? 

A14 (Removal and Installation Cost) (S/Component) ^* a> ° 


Note: Tbr SAMIS III I’om'n *>»f or norm alio prcrr.ots for t )'■.* (poyrmw Host interval! 
(equipment te* f!tn-*-v.a:un , in-; me te:;iitpm»nt t>:oK rtcr/rjraticm fcti-cr- 

use 0.0, (1975, 6.0), DOB, and SL. 


rhi? f in e, ?vnn rate table] , tb>: 

1“ l! 'V U >"“ fcP*V*« CLMM* A , 


art 3037— s ft < 

ORIGINAL PAGE IS 
OF POOR QUALITY 


Format A: Process Description {Continued) 


A16 Process Referent (From Page 1 Line A1) , 


Si/cg-; 3 


FART 4 - DIRECT REQUIREMENTS PER MACHINE (Fecilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 

A16 A1S Alt 

Catalog Number Amount Required \ 

(Expense Hem Per Machine (Per Shift) Units 

Referentl (Amount per Machinal 

Al* ofc4 t> 4® 


A17 

Requirement Description 


S + 1> 

C I'll'* X> 


.1 


o .At 


sa , Ft. m rc> . 'sPac. e (nyfe a ) 

PjSe.UH A** SCMtC*f&*C7<m. ASSCMiLC*. 
A£4SeA t/trtiPr MAiHT. Afgcerrt/Ure JE 


PART 6 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) $nd [Utilities and Commodities Requirements) 


A20 

A22 

A23 

A21 

Catalog Numbet 

Amount Required 



(Expense Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent] 

(Amount per Cycle) 



c lo3Z B 

o ®on 

KUM W 

6tgcrAft<ry 


c l°l<t (2. 

. 

J4 

cu , p*r . 

J>«M£ST(t WflTCit 

/ooo JE> 


S- so 

u/o »f 

SA«V S Offt-l&S 




PART 6 - INTRA INDUSTRY PROOUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A2S 

(Product 

(Yield)* 

(Ideal F(atio)** Of 



Reference] 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

i*>6 or 

*3.0 

0.8 12- 

sa. M./ lc<o. 

-T NO. 3>iA. 




/ 

S/CiCoW /aIC 

7 

Prepared by 

/C 4. 



Date 2-/I-J/ 


* 100% minus percentage of required product lost 

*+ A-.. *30 

**+ Exuniple*. Modwic^w-.' .... '.'/.Vc far. 


ORIGINAL PAGE IS 
OF POOR QUALITY 

nevcnsesioe jet 3037 -s rio//b 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 



II 3* PROCESS DESCRIPTION 

i«t raormioN umutoii 

(WifWM Im limit »t Tttl»ol*n 

4$ lift 0»t G**i» (V / C<W 9H0J 


At Process (Referent! - ^ /■* 

A2 (Descriptive Namel TEX T C7 cH D 


Not*: Name* given In bracket! ( ] 
are the namei of proceia attributes 
requested by the SAMIS III 
oomputer program. 




PART 1 - PRODUCT DESCRIPTION 

A3 iProHuet Halafant| .TEX S Ug — < S 

A4 Oeicriptive Name I Product Name) TgkTUiCtS g 1ft*/ Ctf f STfCATC 


AS Unit Of Meacure (Product Units) 5 O d a T/C./i Tg 


PART 2 - PROCESS CHARACTERISTICS 

AS (Output Rate) (Not Thruput) 

A7 


5-.J.O 


AS 


Average Time at Station 
(Proemsing Time) 

Machine “Up" Time Fraction 
(Usage Fraction) 


fo 




PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


AS Component (Referent) 

ASa Component (Descriptive Name) (Optional) 

A10 Base Year For Equipment Prices (Price Year) 

At 1 PurchaM Price ($ Per Component) (Purchase Cost] 
A12 Anticipated Useful Life (Years) (Useful Life) 

A13 (Salvage Value| ($ Per Component) 

A14 (Removal and Installation Cost) (S/Component) 


Units (given on line AS) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 

Operating Minutes Per Minute 

Tgrc-lfCiC. 

T fi KTU ££- 

e.'TcMt'it, 

Hoop 

)T7 / 

/OO^tTOQ _____________ 

r 

S'. Poo 

/, r<>« 

the (payment interval! , the (inflation rote table) . th» 


Note: The SAMiS III comouter oroflr’T« alio orcrats for 
(equipment tax depreciation metnoci , and the ■ ...omant book coortc oticn mernoaj . in tin? i iA iAMiw • 

use 0.0. (1975. 6.0). DOS. and SL. 


Format A; Process Description (Continued) 


A1S Process Referent (From Pape 1 Line A1) . ^3 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements! 

A16 AIR Alt A17 


Catalog Number 
(Expense Item 
Referent! 

Ato<»4 P 

J> 

S773<*1> 


Amount Required 

Per Machine (Per Shift) Unite 

lAmount per Machine) 



/ 2 .0 



O.S" 



e.or 



Requirement Description 

Mfb. (jrt»£ a) 

SCMic*Ai*ticr<i6. ASte/nfcC/2 . 
MAiATI- SZ 



PART 6 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs! and (Utilities and Commodities Requirements! 


A20 

Catalog Number 
(Expense Item 
Referent) 
Cl o?2 9 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle) 

a or 

A23 

Units 

tzojrf 

A21 

Requirement Description 
gee c-rd-i c try 

CZiZXS 

lo» o 

Cu. pi. 

VgAi-ncATi* J 

C U 44 T> 

o.ruL 

co. r*r. 

UfA-ns/t . J> .X, 


CC, /7(.e D 

(e .(* C- t 

to 

9t>*rA Sit om rtv t i>e 

£ I3T 2 P 

e./fi 

64 c 

1 $*P£o Ayl Alcohol. 


S l(*ee J> 

o . 1 4 


S*Oi *><H 




PART 6 - INTRA INDUSTRY PRODUCT (S) REQUIRED (Required Products] 


A24 

A28 

A26 

A27 

A2S 

(Product 

(Yield)* 

(Ideal f\atio)** Of 



Reference! 

(%l 

Units Out/Units In 

Units Of A26*** 

Product Name 

W/)F£<- 13 

ff.4 

z , nie 2 

SaesTtZAti sa. At. 

X MuCtS*'* <V/1F15<C 


Prepared by ft" ^ Dete ^ ~~ 


* 100 *o minus parcentaqr of featured product lost 

*"* Assume 100' 1 ., yield Ivre 

**■* Examples; Modules/Ccll or C>. 

navensESioE jxl 3C37-* n to/re 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 




FROCESS DESCRIPTION 


in riomnoN uioiatoit 

CMtmit hniim •! Tttimthn 
4 #00 Oil Cnii O* / ftltdtt, CM 91 >01 


, Now: Names given In brackets ( ] 
an th# names of process attribuwi 
' requested by the SAMIS III 
oomputer program. 


A1 Process [Rafarantl — J.° t? 7 . 13 .. 

A3 (Descriptive Namai tM Pi— A t\JT~ ^ AJ P * 


PART 1 - PROOUCT DESCRIPTION 

A3 I Product Referent} ~ ^ 9 G - * 3 

A4 Dergriptlwe Name fPr«H..ct Marne) IM PCft A/7CP £i)8S "TA-ATIE 


AS Unit Of Maaaura (Product Unitt! 0 B S T/titTC 


PART 2 - PROCESS CHARACTERISTICS 


AO 

(Output Rate) (Not Thruput) 

3.3 53 

__ Units (given on line AS) Per Operating Minute 

A7 

Average Time at Station 

2J> 

Calendar Minutes (Used only to compute . 


(Processing Time) 


in-process inventory) 

AO 

Machine “Up" Time Fraction 

O. f S' 

Operating Minutes Per Minute 


(Usage Fraction) 




PART 3 - EQUIPMENT COST FACTORS [Machina Description) 


AS Component (Rafarantl 


tl*PL.A*lTetC 


ASa Component (Descriptive Name) (Optional) 

to fJ 

tmtiLAttm*. 


A10 

All 

A12 

A13 

A14 


Saw Year For Equipment Prices (Price Year! 
Purchase Price ($ Par Component) (Purchase Cost) 
Anticipated Useful Life (Years) (Useful Life] 
(Salvage Value | ($ Per Component) 

(Removal and Installation Cast] (S/Component) 


/fro 

4 f fc, <nrv 

l*, 

4 ffw 


Note: The SAMIS Ml ccrr');i?;>r orocr.m also pro-’vxj for ttae ui.’vrnan* flojt 
(equipment u* deu r ecution rwtrxjj , mo tn... le^uipment cook n-nr-’miion 

uaa 0.0. (197b, 6.0). 008. and SL. 


tS* firs'L’ticn rate table! , th» 
I'i t**r L jrn %!»^Vv»«LrC vOOtr at 


iH. 3037 — s n • 
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Format A: Proem Description (Continued) 


A16 


Proceu Referent (From Page 1 Line A1) 




13 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 

A16 Alt Alt A17 


Catalog Number 
(Expense Item 
Referent) 

A g ofc P 

V 


Amount Required 


Per Machine (Per Shift) 

Units 

(Amount per Machine) 


Zoo 

sa. rr. 

/ 

tea*** /sti,Fr 




Requirement Description 

(Type a) 

SCMicotJ pec.ro«C 
MAiaHT. MiSoHAfJIt SX 


PART 6 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and (Utilities and Commodities Requirements! 


A20 

Catalog Number 
(Expense Item 
Referent) 

C to?z 8 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cyclel 

0.41 

A23 
Units 
KA*J H 

A21 

Requirement Description 
t?c<rc/r*.ic iry 

C ZfZfg 

/ZOO 

cu. n. 

V/Ca/t< c.A~r< Ot^i 

e<» P 

7.0 J 

co. rr. 


4 P 

i.n e-% _ 

Caj . £t. 

J TeLt frt-Oo£ log 

% 

2.ot 

Co. pt. 

P*M£&T{C OJATStC 


PART 6 - INTRA-INDUSTRY PRODUCT(S) REQUIRED (Required Products] 


A24 

A28 

A26 

A27 

A25 

(Product 

(Yield)* 

(Ideal Ratiol** Of 



Reference) 

1%) 

Units Out/Units In 

Units Of A26*** 

Product Name 



/.« 

Sogyra *■*/ ^og 5 rtortt 

•Tty. TV as ti'-rc,AS£> 




1 

s * , ^Sr/t.wrar 

/ 

Prepared by 




OaM 2~I8-S\ 


* 100% minus percentage o< required product lost 

** A'sunv. 100’ •, i : ' 't b«re 

**•* Examples. Modulcs/Ccil oi C • 

navansE side jpl 303 ?-s n to/re 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 





FORMAT A 


PROCESS DESCRIPTION 


in riOPl'UION UIOUIOIT 
CtUI—9 m ImiMM *1 

MfM Oal Cwi Or. / Ctkf f I 101 


A1 


(Referent). 


TXtlviT- 13 


Note: Names given In brackets ( ) 
am the names of procau attributas 
requested by bit SAMIS III 
computer program. 


A2 (Descriptive Namel _ S'PiiQfr £€ t>! S T& ffoTi ** o F 


FART 1 - PROOUCT DESCRIPTION 

A3 I Product Refarawt) ,P ~ SO R - 

A4 Oeacriptive Name (Product m««««I DoPCP SqS sT^-^T<T 


A6 Unit Of Measure (Product Unit«f 2>d€ S TA.ATC 


PART 2 - PROCESS CHARACTERISTICS 
AS (Output Rate) (Not Thruput) 




3C 


A7 Average Time at Station 

(Processing Time) 

AS Machine "Up" Time Fraction 

(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


0.96> 


AS Component (Referent) 

ASe Component (Descriptive Name) (Optional) 

AtO Base Year For Equipment Prices (Price Year) 

At 1 Purchase Price (S Per Component) (Purchase Cost) 
A12 Anticipated Useful Life (Years) (Useful UN] 

A13 (Salvage Value] ($ Per Component) 

A14 (Removal and Installation Cost) (S/Component) 


Units (given on line AS) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 

EL'T-P eS 


gglf 

rp/CAlACC 


tlto 


go OOP 

V 


I, r«o 


Note: The SAMIS III computer praoram /sr. for i!v (payment float interval] , the (inflation rate table) , t b* 

(equipment ta* depreciation metnodi , j-.' t.» •cc-.wipment nook depreciation method) . In the L3A **o.-.ti\r 

use 0.0, (1975. 6.0). DDB, and SL. 


jet 3037 -s m. 
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Fermat A: Proctts Description (Continued) 


A1B 


Procau Rafarant (From Papa 1 Lina A1) 


\/€~ ;3 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Parsonnal) 
(Facilities and Panonnal Raquiramanui 


A16 

A1S 

Alt 

A17 

Catalog Number 

Amount Requirad 



[Expanse Item 

Par Machine (Par Shift) 

Unit* 

Requirement Description 

Referent | 

(Amount per Machine) 


J/Wc € (jvPeA) 

A t> 

IQ9 

SOL . F“T. 

8 2£>1(.T> 

©.S’ 

PS*LsoA/fsn<fr 


“TroTcTS 

oj 


MAtAlT. JT 



PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 


(Byproduct Outputs) and (Utilities and Commoditias Raquiramants) 


A20 

A22 

A23 

A21 1 

Catalog Number 
(Expense Item 

Amount Required 
Per Machine Per Minute 

Units 

Requirement Description ] 

Referent) 

C /o?2 6 

[Amount per Cycle) 
0.2S" 


i 

€c Sc-r/Ztc t ry 

C 2/2/ 8 

/a« 

co. fr. 

Ve*jTtL.A'rt6A) i 

€ (4(L r> 

)<,. C, 

e.o. FT 

/U<TV2o6(T/0 I 


I 1 




PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Requirad Products) 

A27 

Units Of A 26 *** 


A24 

(Pioduct 

Rafarance) 


A 28 

(Yield)* 

(%) 


A 26 

(Ideal f\atio)** Of 
Units Out/Units In 


A2S 

Product Name 


X > 3 Ug -/3 S 


t* 


h<iZ S-T&A 1 C ! *4 PL A \)TC a SMiSTT fLATB 


1 


T 


Prepared by /£-• A , yo 


Pete 2 -II- 2 I 


* 100% minus percentage of required product lost 

** Assume 100 vi.' 1 '' f’*’ "T 


*** Examples; Modules/Ccll oi C alls, '.-..f 


JHIGINAL PAGE IS 
(IF POOR QUAUr 


REVERSE SIDE JH. 3037 — a 


n to/70 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 






FORMAT A 


PROCESS DESCRIPTION 


Ilf PIOPI'LIION UMMTOH 
ClifMM hlMMf •! 

4MW 0*1 C>«( O* / fmudtmt, CM fltOi 


A1 Process (Wififtntl - ^13 Z ,/l. 


Nets: Nunn given In brackets ( ) 
are the mmi of proocu attributes 
requnted by the SAMIS III 
computer program. 


A2 (Descriptive Name) ^Aiconr NlTiClDC DffPaX ma+t 


PART 1 - PRODUCT DESCRIPTION 

' A3 iPradtM* Refemntl /?£- S U & -/* 

A4 Descriptive Nam* I Product Namal *-AY££ 

67\J Tuf 


AS 


Unit Of Manure (Product Units) 


So&st/LatC. 


PART 2 - PROCESS CHARACTERISTICS 


AS 

(Output Rata) (Not Thruput) 

U ». 

' Units (given on line AS) Per Operating Minute 

A7 

Average Time at Station 

Cm O 

__ Calendar Minutn (Used only to compute 


(Processing Tima) 


in-procea inventory) 

Mi 

Machine "Up" Time Fraction 

o. 

Operating Minutn Per Minute 


(Usage Fraction] 




PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


AS 

A9a 


A10 
All 
A12 
A13 
A14 

Note: The SAMIS III comouter orooram aUn crwrr jts for the [payment float interval] , the [in’lition rate tawel , tne 
(equipment tax depreciation met nod) , and tne --.icment Rock depreciation mctnoci . in im« u -'A j.A*** *CG 

uaa 0.0. (1975, 6.0). 00B. and SL. 


Component (Rafarentl 

Component (Oescriptiva Name) (Optional) 

Baaa Year For Equipment Prion (Price Year) 




4-rvgg 




Fu test Ace 


Mi* 


Purchau Price ($ Per Component) (Purchase Coat) . <)< * 

Anticipated Uaeful Life (Years) (Usaful Life) ^ 

(Salvege Valuel (S Per Component) 

(Remove! and Inatallation Cost) (S/Component) 


f . too 


A£H 






JPt 3037— S n II 
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Format A: Process Description (Continued) 

A16 Process Referent (From Page 1 Line A1) ^ ^^4 - /3 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 


A16 

A18 

A19 

Catalog Number 

Amount Required 

! 

(Expense Item 

Per Machine (Per Shift) 

Units 

Referent) 

(Amount per Machine) 


j4 2o<*4 10 

/4« 

SO..Fn, 

ff^ePfr * 

o.r 

df ASs A/SHiPT 

* ?77c X> 

e./ 

*4 WJUVJ 


A17 

Requirement Description 

aiF6 . sft*ce Crrfc a) 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputsl'and (Utilities and Commodities Requirements! 


A 20 

Catalog Number 
(Expense Item 
Referent) 
o 


c ZiZt* 


EllOf i> 


M IZto D 


A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle| 

/. /6 C. 


A21 

Requirement Description 


t>.yr e-z 


ZSl 4 £-3 


I.SZ 4 £ -2 


& l<* ® 1 3> 


£ / 4 




Cu. fT. 


Cl/, fr. 


cu.fr. 


I>* A/Z-S 




ci» . f*t: 


Cu&c.Tfine /7y 




IS A S’ 


5ic.rU.ait<) SrcAA/C 




A/r-r/CebfM 



PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 
A24 A28 A26 A27 


A24 

(Product 

Reference) 


A28 A26 A27 

(Yield)* (Ideal fytio)** O f 
(%> Units Out/Units In Units Of A26*** 


J>- SUB-/.? y?,3 


A27 A2S 

Units Of A26*** Product Name 

fXATg / Doreo ZU3S7-&ATC 


Prepered by . 


(2 . d . PtE'to (Z. 


Date Z'lS-ll 


* 100% minus percentage of reauired product lost 

** A „ , ■ > ’ ,i >• 

*+* Examples r.’wd...., .,C:. C . 1 cr. 


obverse side jn. aoar-s me/’ 


r aw 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 




FORMAT A 


FROCESS DESCRIPTION 


1ST raon'UMN MHM1NI 

CMania hiMtit •! Tattoaian 

MM Oat Grata t U. / Pmadaaa. CaM tl I OS 


Al Pr< 


(Referent). 


/VJr*N-/s 


Not*: Names given In brackets ( ) 
ora the names of process attributes 
requested by the SAMIS III 
oomputar program. 


A2 (Descriptive Namel Al A3tc PAtTCL&A) 


FART 1 - PRODUCT DESCRIPTION 

-/S 


A3 (Product Referent) . 


IP- 


A4 Descriptive Name (Product Name). 


P*TT£<t*IC!> ZOgS-r£AT£ 


AS Unit Of Measure (Product Units) . 




PART 2 - PROCESS CHARACTERISTICS 

AS (Output Rate) (Not Thruputl 

A7 
AS 


4. 1 4 


Average Time at Station 
(Processing Time) 


3* 


Machine “Up" Time Fraction 
(Usage Fraction) 




Units (given on line AS) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

AS Component (Referent) 

ASa Component (Descriptive Name) (Optional) SeS dcd 


£rc.M C £ 


e.rcM 


A10 Base Year For Equipment Prices (Price Year] 

Al 1 Purchase Price (S Per Component) (Purchase Cost] 
A12 Anticipated Useful Life (Years) (Useful Life] 

A13 (Saivage Value) (S Per Component) 

A14 (Removal and Installation Cost) (S/Component) 




PC4<tcA*g£ 


PH4» Ter* 

|4dOD 


AMD &Ak£ 

i D E-VC£ 


(?¥<> 

/?/* 


/<,()<»• 

7. «"<>• 

7 , enna 


? 

S 

0 

ST 

0 

Sfo& 

sraro 

Scro 


Note: The SAMIS III computer prooram j'jc o - '*.s for tfv [payment float interval) . the (inflation r j»p tab 1 ?] , the 
(equipment tax depreciation metnodj , :-n.- :m« ■- - t.pmc^ rcok depreciation method . in the i.'JA S~v,;u., 

use 0.0. (1975, 6.0). DOB. and SL. 
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Fermat A: Proem Description (Continued) 


Alt Proem ftafarant (From Paga 1 Lina A1) - /I 


FART 4 - OIRCCT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 


y 


A1S 

Catalog Number 
(Expense Item 
Referent) 

Az ofc4 D 


A1S 

Amount Required 
Per Machine (Per Shift) 
(Amount per Machine) 
(44 


At* 


A17 


Units 


Requirement Description 




JL22JSeJL 


■PiSS. 


SA.Tt . 

Ssiuer 


Mr*. space Cvrs* a) 

^fatrcewarcWKL 


PART 6 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputtl and [Utilities and Commodities Requirements! 


A20 

Catalog Number 
(Expense Item 
Referent) 
e /o 7i. a 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle) 

e*. Z 

A23 

Units 

A21 

Requirement Description 
CTctf’e.-nBce/r/ 

C &/2-Z S 

Poo 

CU. PT. 

i/«Al'rrt#eT/oed 


i.ue-4- 

<7 4c., 

ite’bts-r wam 

/Sfc jrre® 


C»4i. • 

PlCUlodtoMCTMArOa SoCt/CnrT 

C U44 J> 

o.*o 

cja. #=t. 

i*»Are.O. . 3>.X . 


PART 6 - INTRA-INDUSTRY PRODUCT (S) REQUIRED (Required Products) 

A27 

Units Of A26*** 


A24 

(Product 

Reference] 


A28 

(Yield)* 

(%l 


A26 

(Ideal f^atio]** Of 
Units Out/Units In 


A26 

Product Name 


AL -soB-13 09.4 


J±2- 


Ms t/iat*. Is*txnv r m. a& Zaisr OA re 

I f 


P— pared hy ^ ‘ ^ Da— ^ 

* 100% minus percentage of required product lost, 

+•* Assume 100 ■, i-j'd Here 

**' Examples. Modules/Ccll oi C *1 

ncvtnsesioe jet. 3037-s mo/rs 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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1 


c 




At 

A2 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 

FORMAT A 

‘i 

PROCESS DESCRIPTION 


JRT riON'UWN UMIATOIf 
CM*M» Imimtit *1 

MM M Gftt Of / Pmadt*, CM tl IOt 


\ 


Mot*: Names given In brackets [ ] 
M the niffln of process attributes 
requested by the SAMIS III 
computer program. 


Proeaaa (Referent). 
(Descriptive Namal . 


/U/crCffc - 13 


affcr<«i.esJ a/ic«l*c 0L+7S 


PART 1 - PRODUCT DESCRIPTION 
A3 I Product Referent) & rCCCL * M 

A4 Daieriptiva Nama I Product Namal Allcfcgc. P L ATf 1>_ 


Sai/f/E efcL 


c 


AS Unit Of Meaiure (Product Unit*) . 


CC<^ 


PART 2 - PROCESS CHARACTERISTICS 
AS (Output Ratal (Not Thruput) 




<4 


o. Tf f 


A7 Avaraga Tima at Station 

(Procauing Tima] 

AS Machine "Up" Tima Fraction — 

(Usage Fraction | 

PART 3 - EQUIPMENT COST FACTORS (Machina Description) 
AS Component (Referentl 
ASa Component (Descriptive Name) (Optional) 


Units (given on line AS) Par Operating Minuta 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Par Minuta 


A10 Base Year For Equipment Prices (Price Year! 

A1 1 Purchase Price (S Par Component) (Purchase Cost! 
A12 Anticipates Useful Life (Years) (Useful Life) 

A13 (Salvage Value) (S Per Component) 

A14 (Removal and Installation Cost I (S/Component) 

Note: The SAMIS III rorvKcer otn.:' v-. alio prompts for 
(equipment *„.* 'jvoreculion n >3 i , the lequipmcn 

use 0.0. (197S. 6.0), ODB, and SL. 


A// f lAICS < 


*ZPL£.*3 





P*LtCL/Z 

(ULPuthXSUMCf 

Hath 


VSTCAI 

lilt 

nt* 

/ft* 

z.t>0 

y*oo 

5ooe 

t 

/ 

2 

4 t /G 3 

tr 

2-STo 

/,S-o° 

ST* 


the [poymi’n* *'c 

:t inr» r/.M’ the firV^ir 

rate table! , the 

[ Pock nopr*!-:. 

on •’rrTnrrv v r vJ- 

SAVttCS conte 


jtl 3037 - a n • 
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Fermat A: Froeau Description (Continued) 


A1S FrocaM Referent (From Page 1 Lina AD ___ 



FART 4 - DIRECT REQUIREMENTS FER MACHINE (Facilities OR FER MACHINE FER SHIFT (Personnel) 

(Facilities and Personnel Requirements) 



A1S 

A18 

Alt 

A17 

Catalog Number 

Amo unt Required 



(Expense Item 

Nr Machine (Per Shift) 

Units 

Requirement Description 

Referent) 

| Amount per Machine) 


%PAce (ttPCA) 

4t*t4 D 

/*4- 

. SUL ‘ er f 


o. os' 


*M'A)T. mecHAtiti. XT 

ft 3A.1A.P- 

l 

t£4&*/itu£r 

^C^fefVfeFftTtflC .. ***&«&££ 


FART 5 - DIRECT REQUIREMENTS FER MACHINE FER MINUTE 

(Byproduct Outputs! and (Utilities and Commodities Requirements! 


A 20 

Catalog Number 
(Expense Item 
Referent) 

C /032. C 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle! 
d. //7 

A23 

Units 

feuiri 

A21 

Requirement Description 

<*t-C.c.T4C.tc{-ry 

c u t. r r 

FOe 

cw . rr. 

1/ELnlTi*. Art iaI 

C It 44 J> 

0.33** 

c w . f'r. 

k/Areit. D.X. 

CM /in 0 T> 

/. J2 4E.-2 

fa AL. . 

Dicutc H'lOOMt'L «/oes<c ac<o 

1 

_ £&.i£sl2— 

* . S4 £- 2 

64C. 

Cc£eT)q«|_<£S^ A//C<C«rc 


FART • - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products! 


A24 

(Product 

Reference) 

A28 A26 

(Yield)* (Ideal fytio]** Of 

(%) Units Out/Units In 

A27 A25 

Units Of A26*** Product Name 

SOB-/! 

^5.6 /.o 

dffU. / S«£SflMir %u£sfiitAT£ 

/ 

/ 

Prepared by 

/£-. 4 . &ye«c 

Dam ^ - it - 8 1 


* 100% minus percentage of required product lost 

** Assume TOO' 1 '? v'dd **ere 

**♦ Examples : Modulcs/Ce:; 01 C. ....... 


H9 


navcnscsipc jet. aoar-s n tom 


SOLAR ARRAY MANUFACTURING INOUSTRY COSTING STANDAROS 

FORMAT A 

PROCESS DESCRIPTION 


in n»rni»N ununn 

Ca /ih raia laiiuna at Tafaian 

MM M Cmi Oa / Paaadam, CaM 91101 


Prooeaa (Refarent). 
(Descriptive Name) . 


SlMTfcA - li 

MCTVSt, S/NTC<< 


Not*: Names given In brackets ( | 
•f* fh* names of proem attributes 
requested by th* SAMIS III 
computer program. 


PARTI 

- PROOUCT DESCRIPTION 


' A3 



A4 

Descriptive Name (Product Name) ^ ^ 

S •«.** 



AS Unit Of Measure (Product Units) c ^ ut ~ 
PART 2 - PROCESS CHARACTERISTICS 


AS 

(Output Rate) (Not Thru put) 

4-9. or 

A7 

Average Time at Station 

(Processing Time) 

o.fG 

AS 

Machine "Up" Time Fraction 

(Usage Fraction) 


Units (given on line AS) Par Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

AS Component (Referent) 

AS* Component (Descriptive Namel (Optional) S(Sl~T 

^uA/OACi 


A10 Baa* Year For Equipment Prices (Price Year) 

All Purchase Price ($ Per Component) (Purchase Cost) 
A12 Anticipated Useful Life (Years) (Useful Life) 

AI3 (Salvage Value) (S Per Component) 

A'4 (Removal and Installation Cost) (S/Component) 


trto 

6o *de 

MBBMMMHBIN 

S 

/r©e 


Note: The SAMIS III computer proc.ram also orumyu for the [pavn iot float irtervs 1 ] , the (in*: vi -n r;*» t?‘ , l?) , the 
(equipment tax depreciation method! , and tn: <v,.,,orrent book depreciation T.ctnpci . in t"u j 

ua* <M>. (1S7S, 6.0), DOB. and SL. 


jet 30^7-a m 






Format A: Process Description (Continued) 

A15 Process Referent (From Page 1 Line A1) S ^ 

PART 4 - OIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities end Personnel Requirements) 


A16 

Catalog Number 
(Expense Item 
Referent 1 
4Z0<»4 D 

A1S 

Amount Required 
Per Machine (Per Shift) 
(Amount per Machme| 

/(el 

Alt 

Units 

to., Fr. 

A17 

Requirement Description 
sfiAce (rrvp&A) 

8 7* 1C, 2) 

o.r 

/e£+*Ai/sH/rr 

$£Mtcont» t .'\<nL as seMtuU 

* 771 C P 

d.J 

ea&i* h 

MAtMT . MecrtAtUii IT 




PART 6 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) <wd (Utilities end Commodities Requirements) 


A20 

A?2 

A23 

A21 

Catalog Number 
(Expense Item 

Amount Required 
Per Machine Per Minute 

Units 

Requirement Description 

Referent] 
C fit 3 

(Amount per Cycle) 
o.iS’ 

Km 

C.cac~Tt£tc tty 

c znt 8 

to o 

co. rr. 

ire./VTtuA’rtotJ 

£ / 41 <r 2> 

IC.C 

CO . F"T 

AT 1 7 6fA/ 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A2S 

(Product 

(Yield)* 

(Ideal f^atio)** Of 



Reference) 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

N - C<£cc-i3 

9*1.9 

/. o 

CfiLC / cect 

ATI A^rrffO 

L 

Z 

Prepared by 

. A . 

PiL'tA/Z. 


. Data <2 ' 


* 100% minus percentrge of reqi tred product lost 

** Assume 100% yield here 

*** Examples: Modules/Cei! oi . 

reverse side » l j03 i~% h io/7e 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 



y ^ PROCESS DESCRIPTION 

m riomnoN uioiatoii 

Mfow hiti »•*» *1 

4000 M Grtu Or / Pmtdtm, Cmtl 91 IOJ 


Al 


Frocess (Referent) 


CoffCi. - IS 


Not*: Nemes given In brackets ( ] 
an the names of proceu attributes 
requested by tha SAMIS III 
computer program. 


A3 (Descriptive Namal cTVCd*>C*.5 fuArc: 


PART 1 - PRODUCT DESCRIPTION 


A3 

A4 

(Product Rafarant 1 C 

Dascriotiva Nama (Product Namal C^PPept. 

ft. Aren 

SOiAl ceL-L 

tAJrrtf 

PtUrttjrru/e caP 





AS 

Unit Of Maaiura (Product Unitsl __ 

ce cl 




PART 2 

- PROCESS CHARACTERISTICS 





AS 

lOutput Ratal (Not Thruput) 

2-4. To 

Units (givan on line A5) Per Operating Minute 

A7 

Average Tima at Station 

/<>/ 

Calendar Minutes (Used only to compute 


(Processing Time] 



in-process inventory) 

A8 

Machine “Up" Time Frection 

0.54 

Operating Minutes Per Minute 



(Usage Fraction) 





PART 3 

- EQUIPMENT COST FACTORS (Machine Description) 



A9 

Component (Referent) 


CUPl-AT?* 

ixt-rcf. 

(Lt.PL.EfO 

A9a 

Component (Descriptive Nama) (Optional) 

CAft&lt 

M ie<<y*rflt/C 

Atrro 4ATH 




PoAn*>t> 


(jtStJtNtSPlmeNT 






- — — — 

*r stem 

A10 

Base Year For Equipment Prices (Price Year) 

/I to 

/4 to 

/f to 

All 

Purchase Price ($ Per Component) [Purchase Cost) 


so* 

/o / arm 

A12 

Anticipated Useful Life (Years) (Useful Life) 

i 

8 

S’ 

A13 

(Salvage Value) ($ Par Component) 


4-.ro* 

zr 

Jo* 

A14 

(Removal and Installation Cost | (S/Component) 

!. rm 

So 

foo 

Note: 

The SAMIS III computer program j’s 

o o • ,'ts for 

[payment float Interval), the (inflation rjte table) , the 


(equipment l» depreciation mctnoo; , a-.r *no i.wnpmant r>cov depreciation mctnoa) . In the LSA o-'-mUI 

um 0.0. (1975, 6.01. DOB. and SL. 
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JPL 3037-5 RIO 


fornut A: Process Description (Continued) 


A16 Process Referent (From Page 1 Line A1) ~ 13 ✓— < 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilitiei) OR PER MACHINE PER SHIFT (Personnel) 

(Facilities and Personnel Requirements) 


A16 

Catalog Number 
| Expense Item 
Referent | 

4 3> 
6 7? 7C T>~ 
g 3ft 1<t P. 


Alt 

Alt 

A17 1 

Amount Required 

Per Machine (Per Shift) 

Units 

Requirement Oesciiption 

(Amount per Machinel 

/s-4 

SU.fr. 

Hfb. $fAc€ A) J 

c e- * 


MAtNT. .71 1 

o.r 

?JL£l±!j/>Ai£x 

seMtcoMbut.r«ti Asse.Mtce£ | 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 


(Byproduct Outputs) and (Utilities and Commodities Requirements) 


A20 

Catalog Number 
(Expense Item 
Referent) 

C tOlZH 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle) 

C> . i" 

A23 

Units 

ICuUW 

A21 

Requirement Description 
£WtT4£ic try 

C ZtZA B 

Soo 

co . &r . 

VtAiTtUk, TrcW 

c It 44 P 

o. s 

co , fr. 

A/ATt-C . p. r. 

Ci? 2-160 J> 

z.zt e- z. 


Cc4c.Ti.tt.eZS CofifO. Srjt_UT#drJ 

<?G 2 Zoo ^ 

£* «C li*3 

CoAL. 

Tin) S OLOTiO*) 

' 




PART 6 - INTRA-INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A2S 

(Product 

(Yield 1* 

(Ideal FJatio)** Of 



Reference) 

(%> 

Units Out/Units In 

Units Of A26*** 

Product Name 

* * CtU- - It 

?9.* 

t.o 

C<*C4. 1 cfi’cc 

S/AlT^EtfP fttc 

/ 

1 

Prepared by 

£ /3. 

P^CYofC 


- Data f 


* 100% minus percentage of required product lost 

* • A.sui ■>•'• ' V* , 1 I h'»r-> 

Example*, Moduks/Celi oi ‘ 




ncvcnsE side jew 303?-s n to/^a 


143 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 






FORMAT A 


PROCESS DESCRIPTION 


N'UII 


(jfifmu hiMiw <1 »../«!> 

4INM M C'«« Or / ftitdtm, CM 91101 


Not#: Names given In brackets ( 1 
are th# Mfflii of proctu attributes 
requested by the SAMIS III 
computer program. 


At 


(Referent). 


CCtTST- 13 


A2 (Pescrirtfrff M r"t| TEST of CC«XX 


PART 1 - PRODUCT DESCRIPTION 


A3 

(Product Referent] ^ 


A4 

Descriptive Name (Product Name] S ” re& 

Sd4£. CELL 


AS 


Unit Of Measure (Product Unitsl 


CCit. 


PART 2 - PROCESS CHARACTERISTICS 


AS 

(Outpo Rate) (Not Thruput) 

1 Y. t 

Units (given on line AS) Per Operating Minute 

A7 

Average Time at Station 

0 . | f 

Calendar Minutes (Used only to compute 


(Processing Time) 


in-process inventory) 

A8 

Machine “Up" Time Fraction 

o.lC 

Operating Minutes Per Minute 


(Usage Fraction) 




PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


A9 Component (Referent) 




A9e Component (Descriptive Name) (Optional) 


SoilAjC_C£cl 

'TCSTCre 


A10 

Alt 

A12 

A13 

A14 


Baaa Year For Equipment Price* (Price Year) 
Purchase Price (S Per Component) (Purchase Cost] 
Anticipated Useful Life (Years) (Useful Life] 
(Salvage Valuel ($ Per Component) 

(Removal and Installation Cost) (S/Component) 


11*0 


4-^ > ooo 

3 


Z-, 3 °o 


4-00 


Note: The SAMIS III computer nroor.r-i alto Dromnts for the [paymort float iff ' ' 1 
(equipment Ui* depreciation , 30a tne (equipment cook ecorMi.-tion 

usa 0.0, (1975, 6.0). DDB, and Si 


{ho ; ir‘' "tioo rate table) , the 
i * ■ Lv»- 5AM ICS context, 


jet 3037-s n <> 
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Format A: Process Description (Continuad) 

A16 Proctu Referent (From Pag* 1 Lint A 1 ) C£*~ TSt~ IS 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Ptrscnntl) 
(Facilitits and Ptrsonntl Requirements) 


A16 

Alt 

Alt ^ 

A17 

Catalog Number 

Amount Required 


(EKptnse Item 

Per Machine (Per Shift) 

Units 

Requirement Description 

Referent] 
42*04 D 

I Amount per Machine| 

<#o 

. Pr._ 

Mr*. S44c2 ^TY/e A 3 

8 J©?** 

o .<*61 



■■JJLfeilLlL. 

f£-l 




PART S - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 


(Byproduct Outputs) jjnd [Utilitits and Commodities Rtquirtmtnts) 


A20 

Catalog Number 

A22 

Amount Required 

A23 

A21 

(Expense Item 
Referent] 

Per Machine Per Minute 
[Amount per Cycle) 

Unitt 

, Requirement Description 

<- |0?7. S 


ftCo) W 

Cu£c-tiCic ay 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products] 


A24 

A28 

A26 

A27 

A25 

(Product 

[Yield]* 

[Ideal Ratio]** Of 



Reference] 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

C -cCcs. - /J 

*4.o 

l.o 

crcc/ c« L l 

Cu ^i-A-rCD S6UV2 

/ 

/ 

Prepared by .... 

<2. a, 

P&VC4L 


. dm. 7-2 3-ro 


* 100% minus percentage of required product lost. 

** A.-.-r > v - - 

reverse side jet 3037 -s r torn 

ORIGINAL PAGE IS 
of POOR QUALITY 

145 


FORMAT A SET 1 1 
FOR 

8 MIL THICK SLICES 


146 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


-U 




FORMAT A 

PROCESS DESCRIPTION 


A1 

A2 


I iv rnori tSlON lUOkATOII 
Ctlitrr—s tmiiun* ol Ttifaolitf 

Or* C«m» Dr / fmrdtrr, CM 91101 


5><~tC€ - » 


Net*: Names given in brackets ( ) 
•re the iwiih of proccu attribute* 
requested by the SAMIS III 
computer program. 


Process [Referent). 

(Descriptive Namtl 5uc<A/G eP /rJGUTS To 8 Mi c *>4r»/L J 
MUc.Tt*i,G. U>ht& SA<U 


PART 1 - PRODUCT DESCRIPTION 
A3 (Product Referent) .V^ ^ A - P 

A4 Deecriptiw Nam»(Prr«tnet Mam»| tf it&C / /V T> < /) /Vt CTC (p M t C. T*i( C tC. 

u/flrgvc ] 

AS Unit Of Measure (Product Units) ScjUA&e- /Vf FTC&. 


PART 2 - PROCESS CHARACTERISTICS 
A6 (Output Rate) (Not Thruput) 


4 . 4 (o e -3 


A7 Average Time at Station 
(Processing Time) 

A8 Machine "Up” Time Traction 
(Usage Traction) 




0.40 


Units (given on line A5I Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory! 
Operating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

A9 Component (Referent) SAvi 

A8a Component (Descriptive Name) (Optional) 


A10 Base Year For Equipment Prices [Price Year) 


Wiitg GRvU 


14 77 


Alt Purchase Price ($ Per Component) (Purchase Cost] ^ c - >e ° 


A12 Anticipated Useful Life (Years) (Useful Life) 
A13 (Salvage Value) ($ Per Component) 

A14 (Removal and Installation Cost) (S/Component) 


3,^oo 


Note: 'P'» R WIR '.II mirr: • 'f nr.w. ~ :!$o orr.mt't; fo.' th- ' v- *-.**> ti :jt int* r, •' 1 rate tibi#! . th-' 

(equipment Lt* ottO“» „*’V! VvU*/T* fc nt O* C*Sv **•'.** * Z ZV OH \ > v-- l u’vOtr 

use 0.0, (1975, 6.0), DUO, and SL. 


?W7-S «■ 


Format A: Process Description (Continued) 


A16 Process Referent (From Page 1 Lina AD Sfcfcc-# 

FART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 


(Facilities and Personnel Requirements) 

A16 A1S 

1 

A19 ! 

A17 

Catalog Number 
(Expense Item 
Referent | 

deofcat > 

Amount Required 
Per Machine (Per Shift) 
(Amount per Machinal 
4o 

1 

Units 

SQL . FT. 

Raquirament Description 
M F6 . S ?4CC Cd,A?a) 

a i> 

o.l 


SPAt/cea/butToie. Asscj*it.e&. 

0 

o.4J 

^£/CS«nr /SHIFT 

MAiMT. PtectMAJi* JC 


PART 6 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) *nd (Utilities and Commodities Requirements) 


A20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent) 

(Amount per Cycle) 



C lo? 1 S 

6.0013 

KWH 

6td , crA(t<ry 


C 0 

. 

e »./3 4 


co . Fr, 

J«M£5T/C. UlRTCrt 



?^4 


U/UlT 

SAuY 5oPfi.l£S 




PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A25 

(Product 

(Yield)* 

(Ideal f^atiol** Of 



Reference) 

<%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

u)6 ol" 

fS. o 

/. *4 f 

SO.AI./ IcQ. 

~T\{g£j£. /a>. J>|R. 




L 

S/UceW IAl6or 

T 

Prepared by 

/C/4. 



D .» 


* 100% minus percentage of required product lost 

’OC t-'n 

*** Examples. Module../ Cel 1 ... CM V/.Vofor. 

REVERSE SIDE jeL 3037-8 Rio/78 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


-k 


A1 




FORMAT A 


PROCESS DESCRIPTION 


jit nomuoN uioimir 

Imnuut •> T«c»«oM«> 

4 $n fl Oil Cnt* Of / C*i*t WIOJ 


— .| Tctrerw-t 


Note: Names given In bracket! ( ] 
are the names of process attributes 
requested by the SAMIS III 
computer program. 


A2 (Descriptive Namel 1 EV T £.7 cH An>D gTC H 


PART 1 - PRODUCT DESCRIPTION 

A3 I Prnriiirt R«««r«nt| TgA S Ug - % 

A4 nuerlptliw N«m»lPfnri..rt Uinwl Tig X TU£~l5 g'f OjV g i> CU f 3T* ^<4 ' C 


Unit Of Measure (Product Unitsl. 


S */ A 3 rvC/t Tg 


- PROCESS CHARACTERISTICS 
(Output Ratal (Not Thruput) 


sz.i 


Average Time at Station 
(Processing Time) 

Machine "Up" Time Fraction 
(Usage Fraction) 




AS 

PART 2 
AS 
A7 
AB 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

Afl 
A9a 


°.<r3 


' Units (given on line AS) Per Operating Minute 

, Calendar Minutes (Used only to compute 
in-proceu inventory) 
Operating Minutes Per Minute 


Component (Referent) 

Component (Descriptive Namel (Optional) 


'Tere.UC/t 


A10 Base Year For Equipment Prices (Price Year) 

A1 1 Purchase Price ($ Per Component) (Purchase Cost) 
A12 Anticipated Useful Life (Years) (Useful Life) 

A13 (Salvage Value) (S Per Component) 

A14 (Removal and InstallationCost) (S/Component) 


~T £ktu4L£- 

(77 / 


/ Ott iTOu 


/, 


Note: The SAMIS III comoute' nrocrvn ali.5 Lvcr-y:: for the (pa^nt fV-at interval) , the [intlavo" rjte t?M»! . th*« 
(equipment tan depreciation rr >tnoci , and tr.e ...c.rr.snt onok o iprvw*. -rc*noai . ut i"v t. »~.V 

use 0.0. <1975. 6.0). DDB. and SL. 


WlflSAL PAn P ro 

OP Pfiarj , & 

quality 


aet 303?— s r* 1 


1 49 


Format A: Frocatt Description (Continued) 


A16 Process Referent (From Pag* 1 Lint All /revert- 1 


FART 4 - DIRECT REQUIREMENTS PER MACHINE (Facility OR PER MACHINE PER SHIFT (Personnel) 
(FacilltiM and Ptnonntl Rtquirtmanu) 

A16 All Alt A17 


Catalog Number 
(Expense Item 
Referentl 

AtOkAr D 
R 2. ° ?£. P— 


Amount Raqulrad 


Nr Machine (Par Shift) 
(Amount par Machinal 
12,0 

Unitt 

541. ft. 

Raquiremant Description 

M?6. tPK€ Cnrse a) 

O.f 


SCm /eav>*/cro,c 

o, or 


MAiMT- C 


PART 6 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputsl and (Utilities and Commodities Requirements! 


A20 

Catalog Numbar 
(Expense Item 
Referent] 
Ciojfc F 

A22 

Amount Required 
Par Machine Par Minute 
(Amount per Cycle| 
O.oC 

A23 

Unitt 

£u)ti 

A21 

Requirement Description 
Ecc c-rjE-r c try 

CZiZ t ft 

/o*o 

Cu. FT. 

l/e/sJ-ritA-naA/ 

Cll 44 D 

OjJAA 

co. ff, 

u/A*rtt/2 . b u. 


fi(.o l> 

6 .0 C- t 

KG 

Potass too % H'lD&tupe 

£ i$rz P 

o.iiz 

(?A c 

tSo?£o fve At.c cHol 


£* l(*ee H o . <4 U ft SoOiOm. biteSciPC- 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Raquirad Products] 


A24 

A28 

A26 

A27 

A25 

(Product 

(Yield]* 

(Ideal f\atio|** Of 



Reference] 

(%) 

Units Out/Units In 

Units Of A26»** 

Product Name 

< .s)AF£(.-\ 

7 7 . 2 . 

2 , /?3 ET 2 

SnesritA'Of <Q. M. 

Sit, HT Mil H/AP&K 


Praparadby ^ ' ^ Y c (L P«— Z - (1$ - jl 


★ 100% minus percentage of required product lost 
★♦Assume 100°.'> yield lie re 
★★★Examples: Modulos/Ccll or Cc .... 

navenSE SIOE JTl 3037 -S « 10/78 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


-f 




PROCESS DESCRIPTION 


Itf riOPUMDN UlOMTOIf 

II Imtmtit •( 

“ 4900 Oat G —0 Uf t CM 91 tot 


Note: Names given In brackets ( ) 
are the names of process attributes 
requested by the SAMIS III 
computer program. 


At Ptoceaa | Referent | . 


| OK) - $ 


A3 | Descriptive Narrel . 


iO*i AJ P 


PART 1 - PRODUCT DESCRIPTION 

A3 I Product Rafarant) ~ *S ~ E 

A4 Dtcriptixo Mama 1 P.nH..f I Mama) NT C-S> 


* uSst^TC 


Unit Of Measure (Product Units! O B s *r/^4TC 


- PROCESS CHARACTERISTICS 
(Output Rate) (Not Thruput! 


3.3 SO 


Average Time at Station 
(Processing Time! 


OJL 


A5 

PART 3 
AS 
A7 
AS 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

AS 
ASa 


Units (given on line AS) Per Operating Minute 


Machine “Up" Time Fraction 
(Usage Fraction) 


O. 


Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 


Component (Referent) 

Component (Descriptive Name) (Optional) 


<AttfL./l/Ure*L 


EurduoN 


tots) 


A10 

All 

A12 

A13 

A14 


Base Year For Equipment Prices (Price Year) 
Purchase Price ($ Per Component) (Purchase Cost) 
Anticipated Useful Life (Years) (Useful Life] 
(Salvage Value| (S Per Component) 

(Removal and Installation Cost 1 (S/Component) 


rf/H rtLArtiK d . 
{<1*0 


4 f 6, erro 


g 




4' ffW 


Note: The SAMIS 'll cct- • • *r r^.r.. -s 3l;a crc-ov. 'or t»>v i-von-m: fl.-jt t‘- 1 'ate table) . tM 

(equipment tieo'rciabon .~.i f >v i-c thu t equipment took rrrrritxjen ••• r* •••••• SAMJClK c.»nt»* ,* 

use 0.0. (197b, 6.0). DOB, and SL. 


JTL 303/ 0 > 
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" 'IWfMiitiffiTUil M 

to 


Format A: Process Description (Continued) 


A1S 


Process Referent (From Page 1 Lina At) 


/©*> - f 


FART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR FER MACHINE PER SHIFT (Personnel) 
(Facilities and Panonnai Requirements) 

All Alt Alt A17 


Catalog Numbar 
(Expanse Itam 
Rafarant) 


AM4P 

IStl f-B. 


I 


22JS&JL 


Amount Required 


Far Macltina (Par Shift) 
(Amount par Machinal 
Zoo 

Units 

SdL. fr. 

Raquiramant Oatcription 

PIPb . S/Ac* CTyPe A) 

i 

/slier 

SCat/ce^pecTo*. A^C^HclW 



MAtOT. MCcHAMt. St 


PART S - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputtl and (Utilities and Commoditia* Raquiramantt) 


A20 

Catalog Numbar 
(Expense Item 
Rafarantl 

C lo?Z 0 

A22 

Amount Raquirad 
Par Machina Par Minuta 
(Amount par Cycle) 

OAt 

A23 

Units 

fCwj H 

A21 

Raquiramant Description 

tSc^csneie iry 

C ZlZtS 

(too 

CO. rr. 

\/£*jTi t/)T /«r"J 

€(» lArCo V> 

7.©5 e - («> 

Co, (TT, 

p«4\prt, a>€ 

£<jtlZ4 P 

1 .Z\ £-* 

co, fr. 

UoCtK » -net rcu«£ n>e 


2. of 

Co. PT. 

. ,.wcixf.fr....ftagr«&g 


PART 6 - INTRA INDUSTRY PRODUCT <S) REQUIRED (Raqulrad Product*) 


A24 

(Product 

Reference) 

A28 A26 

(Yield)* (Ideal tytio)** Of 

(%) Units Out/Units In 

A27 

Units Of A26-** 

A2S 

Product Name 

rex s«s- y 

??./ /.« 

Sotyrg+'g/ sojsrgATg 

*7 irttrvas tf-rc^co 



/ 

Z'tsrTCoirar 

- J 

Prepared by 

PCyop 


o«. Z-'t-JI 


* 100% minus percentage of required product lost 

** Assume 100 yield h«ri* 

*** Examples. Modules/Cell o> Coll;/'.'.'..'. 

navcnscsioc jet. mo/rs 


c 


SOLAR ARRAY MANUFACTURING INOUSTR Y COSTING STANDARDS 


\ 






FORMAT A 

PROCESS DESCRIPTION 


JCV PHOrl LHIOM MWUTOIT 

(Wi/hm Imi mw# «l 

4000 Oat G*«»# Or / OmMmt, CM 9110 J 


Nett: NantM given In brackets ( ) 
m the names of process attributes 
requested by the SAMIS III 
computer program. 


Al Proem Iftafercnt). 

A2 (Descriptive Name| . 




t>6iVC-i*t T>oPi*i<, t€ biSrAi QoTttrt oF 


LA'/Cd* 


PART 1 - PRODUCT DESCRIPTION 

A3 IPraHugf R«t«r.ntj ** SU & - 3 


A4 nateriptiw N«niv» I Mama) T> CPCi> S US S TA-ATC 



AS Unit Of Measure (Product Umt«l 2>Ot S TA-ATC 


PART 2 - PROCESS CHARACTERISTICS 
AS (Output Ratal (Not Thruput) 


9(0.0 


30 


?5A. 


A7 Average Time at Station 

(Processing Time) 

AC Machine "Up" Time Fraction 

(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS [Machine Description) 

OL'T-f^C 


Units (given on line AS) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per rlinute 


AS Component (Referent! 

ASa Component (Descriptive Name) (Optional) 


te<-r 


fplLAlALC 


AIO Base Year For Equipment Prices (Price Year) H?Q 

All Purchase Price ($ Per Component) (Purchase Cost) F 

A12 Anticipated Useful Life (Years) (Useful Life) ^ 

A13 (Salvage Value) (S Per Component) ^ * 0 ° 

A14 (Removal and Installation Cost) (S/Component) ^ 


Note: The SAMIS III computer or.'-'.iem V;: - ' .'is for 'rav^rnt float interval] , the (inflation rite rbH , tK 

(equipment tax depreciation mctnooi , — 5 .ipmcrt rc-.\ depreciation retried) . In iitv wA }A.\: 

use 0.0. (1975. 6.0), DOB. and SL. 
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JPL 3037 -S 


Format A: FfoctM Description (Continued) 


! 


Alt Process Referent (From Page 1 Line At) » 


FART 4 - DIRECT REQUIREMENTS FER MACHINE (Facilities) OR FER MACHINE FER SHIFT (Personnel) 
(Facilities and Fanonnal Requirements) 


Alt 

Catalog Number 
(Expense Item 
Relerentl 
AZt><*4* 

AtS 

Amount Required 
Per Machine (Per Shift) 
lAmount per Machine) 

(fcS 

Alt 

Unit* 

SO, . FT. 

A17 

Requirement Description 

/HF6. € (tyAtA) 

8 lav** 


PS£i •At/iHtfr 

/TSs 

t3?7<* Z> 

0,1 

fe£±*ti/i *i*r 

MAtAiT, AA&cHAAttC J[ 






o 


FART S - DIRECT REQUIREMENTS PKR MACHINE FER MINUTE 

(Byproduct Outputs! end (Utilities and Commodities Requirements) 


A20 

A22 

A23 

A21 


Catalog Number 
(Expense Item 

Amount Required 
Per Machine Per Minute 

Units 

Requirement Description 


Referent) 

C. 103 Z 6 

(Amount per Cycle) 

o.ZS 

Ic^lA 

ffc EoTfiLict-ry 


C £<£-/ 8 

/no 

C.o. PT. 

.VCAlTrcA-rraA/ 


€ I4lt 1> 

/*.<» 

c-u. PT. 

fiJtrALebC TrO 



PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A26 

(Product 

(Yield)* 

(Ideal fytio)** Of 



Reference] 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

X- 508-? 

4 

/■* 

^asTo-rc lutzirrune 

/ mPlamtc* Su&sTZOrc 

L 

: : 

Prepared by 

/€!.. A . 



fim a -«»-*• 


* 100% minus percentage of required product lost 

** Assume 100 vie 1 '* 

*** Examples: MwJulcs/Ccll or C .. 


nevense eioc jet. soer-e n to/ro 
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j 


i 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


-W 


3^ 


FORMAT A 


PROCESS DESCRIPTION 


Itr PROPI I.SION tAIOHATOBf 

CMtnit Imuifu ol Tittmihit 
4 MOO Oft Cmi* l» / ftitdtnt. CM 9IIQI 


Not*: Names given In braekats ( ] 
art the names of process attributes 
requested by the SAMIS III 
computer program. 


Af Process ( Referent | - ft*.? hi ,4.zl 

A2 (Descriptive Name) . NlT/CrDE , T" Af 


PART 1 - PRODUCT DESCRIPTION 
A3 f PrnHitft ftefaf nt| ~ S U 8 — 3 

A4 namrlptlw N»m« ( Prnrli.rf N»wi«| ft** 

47V ?>u £>% ? <Z-a r C 


AS 


Unit Of Measure (Product Unitsl 


Sues ■rA-ATC. 


t-AfeZ p<?/4os/r/Tj> 


PART 2 - PROCESS CHARACTERISTICS 
AS (Output Ratel (Not Thruput) it*. 


Cm O 


A7 Average Time at Station 

(Processing Time) 

A 8 Machine "Up" Time Fraction 

(Usage Fraction] 

’ART 3 - EQUIPMENT COST FACTORS (Machine Description) 


C. py 


AS Component (Referentl 
ASa Component (Descriptive Name) (Optional) 

A10 Base Year For Equipment Prices (Price Year) 

A1 1 Purchase Price (S Per Component) (Purchase Cost] 
A12 Anticipated Useful Life (Years) [Useful Life) 

A13 (Salvage Value) ($ Per Component) 

A14 (Removal and Installation Cost) (S/Component) 


' Units (given on line AS) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 

L-fot/S> 


4 -n/ee 

LPtut> 

Mto 


/ (0 O 1)4 r 

-s d 

r 


Las . 1 

a 

the (pa' ) merit flea: interval! , the [in‘lr ; c'- rate teWe] , the 


Note: The SAMIS lit comouter orocrem aUn i r vri'ts for 
(equipment tax depreciation motnoci , and mu ■ .ipiT,ent dock acoreciaticn menoci . in vir L.T-- 

uaa 0.0. (1975, 6.0). DOB, and SL. 


.ilGINAL PAGE IS 
)F POOR QUALITY 


jet. 3037— S rt I 
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Format A: Proctu Description (Continued) 


A15 Proctu Rtftrtnt (From Page 1 Lint At} ^ ^^*4 - 1 
PART 4 - DIRECT REQUIREMENTS PER MACHINE [Facilities) OR PER MACHINE PER SHIFT (Personnel) 


(Facilities and Ptnonntl Requirements) 

\ 


A16 

All 

A19 

A17 

Catalog Number 

Amount Required 

1 


(Enpense Item 

Per Machine (Per Shift) 

Units 

Requirement Description 

Referent | 

A 2oO 4 t> 

(Amount per Machine| 
/4 o 

scl.f*\ 

/MF6. S/Vtcr C'TrAe a) 

fie PU J> 

a. S’ 



t ??76 P 

o.i 

W4 

MAsliT. 44 €c.HA*H<. IT 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputsl'nnd lUtilities and Commodities Requirements) 


A20 

Catalog Number 
[Expense Item 
Referent | 

C /<* 3Z 8 

A22 

Arr ,„nt Required 
Per Machine Per Minute 
[Amount per Cycle) 

/. /6- <* 

A23 

Units 

A21 

Requirement Description 
CcSc.Tfi.ic ny 



Co . Ft. 

i/c/tmtA-rranj 

e/ioi p 


cu. Ft. 

/4 /* t A« nl 1/4 6 AS 

Cm /2ro E> 

2.T24 C- J 

c U . £tv 

Pic-Hc ofLo SruAA/e 

If lS"2-o J> 

l.sz 4 £ - 2 

P*M- AiSLS 

G2.UArS.Tq. 

£ /£# o % J> 

<• oir c-t 


SPA/CC. PAiZ-tS 

^ ^ w ^ 

I. ■?<*(, 

C.o . FT". 



PART 4 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products) 


A24 

A28 

A26 

A27 

A2S 

[Product 

[Yield)* 

[Ideal f^atiol** Of 



Reference) 

<%> 

Units Out/Units In 

Units Of A26*** 

Product Name 

J>- SU8 - S 

91. 2- 

/• o 

sms nwr« / so<?jwmic 

£>«PeP Sutfs-nEA-re: 

1 

/. _ 

Prepared by 

£. A 

. Pfi.'tt a. 


Det. 


* 100% minus percentage of required product lost 

*•* As,.,.- * v, V 

*++■ examples Mod-ic s. C fcr. 

REVERSE SIOE JPL 303 T-S R 10/?« 


1 % 








SOLAR ARRAY MANUFACTURING INOUSTRY COSTING STANDAROS 


FORMAT A 






IKT rtomilON l.A*OAATOaV 

Ctl.ltnit Immltit »t T»f 

4$00 04 Cm* Or / 91 MM 


PROCESS DESCRIPTION 


At 


Proem (Referent I 


FA T ft. N - S 


Note: Name* given in brackets ( ] 
are the names of process attributes 
requested by the SAMIS III 
computer program. 


A2 I Descriptive Namel SCrCCfc/M 6 j) UFA* P AtTC/Za) 


PART 1 - PRODUCT DESCRIPTION 

A3 I Product R»l«fnt| (l ^ & ** S 

A4 Descriptive Nam. (Product Name) f f V . * LT £ *1£ 


A5 


Unit Of Measure (Product Umtsl 


SO <2 i V/t A 7C 


PART 2 - PROCESS CHARACTERISTICS 


AS 

(Output Rate! (Not Thruout) ^ • * 5 

Units (given on line AS) Per Operating Minute 

A7 

Average Time at Station ^ * 

Calendar Minutes (Used only to compute 


(Processing Time) 


in-process inventory) 

AS 

Machine "Up” Time Traction 0.14 

Operating Minutes Per Minute 



(Usage Fraction) 




PART 3 

- EQUIPMENT COST FACTORS (Machine Description! 



A9 

Component ( Referent | 

*3C4tce<oe.£. 

Crc.Wc 


A9e 

Component (Descriptive Namel (Optional) 

sc/eeenj 

<*rcM 

OCArCcWTcTA' 


P&l* t<*£. 

Mao D 




AMD SAk£ 

i Oilmen 


A10 

Base Year For Equipment Prices (Price Year) 

19 V° 

/fro 

/Ifo 

All 

Purchase Price ($ Per Component) (Purchase Cost) 

/d j0 oe 

7, 900 

7 ,asn> 

A12 

Anticipated Useful Life (Years) (Useful Life] 

% 

? 

& 

A13 

(Salvage Value| (S Per Component) 

O 

zs 

o 

A14 

(Removal and Installation Cost) (S/Component) 

Sfao 

>"5-0 

S“ <n> 


Note: The SAMIS III computer prixii.-ni jV. .» f r •>.' trav^ent float interval' , the [infbt.cm r t.- 1 ' 1 -' the 
(equipment Ux deprivation metnodj . •' • r\> • ••j.pmcit rc*-\ iV'"reciat:on mrtnrot . in ti«r : .'*A > v 

use 0.0. (1975, 6.0). DDB, and SL. 


JPL 3037 — S MU. 



Fermat A; Process Description (Continued) 

A1S Proceie Referent (From Page 1 Line At) P A/ - f 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 

A16 Alt Alt A17 


Catalog Number 
(Expense Item 
Referent I 

P 

8 Z) 
fllJJtJL. 


Amount Required 


Per Machine (Per Shift) 
(Amount per Machinel 

M4 

Units 

S4. . FT. 

Requirement Description 
/MF6. -SF* tf CrvSe Si) 

z 

A ntutj/mtfr 

iff attcre/DrcTd/L As>sC*ttt£4 



MAiMT g 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and (Utilities and Commodities Requirements! 


A20 

Catalog Number 
(Expense Item 
Referent) 

<1 /e 7 Z G 

A22 

Amount Required 
Per Machine Per Minute 
[Amount per Cycle| 

e>. Z tsT 

A23 

Units 

J£uO M 

A21 

Requirement Description 
ft-<rcr4(e/r/ 

C ZI2-9 2 

P 

1 1 

CW. TT, 

VetATit.A’rt 

£> 


C-7»t-. 

tZT (AT AM 

>VS'«3C "b 


04c . 

PicMLoeo AfffrMAAJe Soci/awT 

C U44 P 

0. 20 

ou. FT. 

^Are.a. . . 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products) 


A24 

(Product 

Reference) 


A28 A26 A27 

(Yield)* [Ideal tytio)** Of 
(%) Units Out/Units In Units Of A26*** 


A2S 

Product Name 


41- sue -i ?9.2. 


SKgj T^ATC /suasn&T i g a(L cc<v7gj> slimes) 
i — 


rt 


Prepared by P . A • 


Date 




* 100% minus percentage of required product lost 

*■* A. sum* 1C*'?' I .• 1 Cf 

Examples. Modules/Cclt oi 0 ‘ 

ntVEISSE SIOE jeL 3037-S R 10/78 
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c 


c 


-W 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 

FORMAT A 

PROCESS DESCRIPTION 


hi raorri.aiON laboratory 

Calitaaata Imtuiaia al Tatkanlagy 

4»00 Oat On, a Da { Patadaaa Calf! 9 IIOt 


Not*: Nimn given In bracket* ( 1 
ar* th* name* of proccu attribute* 
r*qu**t*d by fr* SAMIS III 
computer program. 


Al 

A2 


Procaia I 11 * 1 *""*! - A//clCgl - f 

( D**cr iptive Name) *J( cfctc Pl+7C 


PARTI 

A3 

A4 

- PRODUCT DESCRIPTION 
(Product Referent 1 A/ - C £11. - ? 

P L A1~C J> SocAg. t«a 

Descriptive Name (Product Name) . 

AJlciCgt. 



• 

AS 

Unit Of Measure (Product Units) 

cea 


PART 2 

- PROCESS CHARACTERISTICS 



AS 

(Output Rate) (Not Thruput) 

47.7 

Units (given on line A5) Per Operating Minute 

A7 

Average Time at Station 

(4 

Calendar Minutes (Used only to compute 


(Processing Time) 


in-process inventory) 

AS 

Machine “Up" Time Fraction 

o . 

Operating Minutes Per Minute 


(Usage Fraction) 




FART 3 - EQUIPMENT COST FACTORS [Machine Description) 


A9 Component [ Referent | 

A9a Component (Descriptive Name) (Optional) 

A10 Bat* Year For Equipment Price* (Price Year) 

Al 1 Purchase Price ($ Per Component) [Purchase Cost) 
A12 Anticipated Useful Life (Year*) [Useful Life) 

A13 [Salvage Vaiuel (S Per Component) 

A14 [Removal and Installation Cost I (S/Component) 


kilfcAieO. 


fiCP^A) 


M<c£o«//USC 


ftuArttiU 

PtLrC/c 

<teP-.c?Jis^Aic 



W&tcm 

/97I 

m* 

/9H 

gl> 7.(40 

S~o o 

SOCro 

1 

i 

S 

4,/G3 

is- 


/ t r o ° 


4o« 


f** 7 


Note Thr'SAVISlU corvHi'.i'f r)f r n \* : " also pro r j:s for ■.he [p.-.vpv— * c.f irr. •" th- >•'' rate table] , the 
(equipment •„.* -Jepreciasion m. x” >•;; . -'0 the icquipm«.nt t.pok rtcr.r®* r*i*n — - cj- j con,,',.. 

uae 0.0. (1975, 6.0). DDB. and bL. 

J*L 3037 -s « • 
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Format A: Frocau Description (Continued) 


A16 Process Referent (From Page 1 Line AD 



FART 4 - DIRECT REQUIREMENTS FER MACHINE (Facilities) OR FER MACHINE FER SHIFT (Personnel) 

[Facilities and Personnel Requirements) 



A16 

A1S 

Alt 

A17 

Catalog Number 

Amount Required 



(Expanse Item 

Per Machine (Per Shift) 

Units 

Requirement Description 

Referentl 

(Amount per Machine) 



A lot A D 


Stt. FT 

SPA eff VTrAC. A) 


o. os' 

P'r/zstKiAHifT 

MA //vJT. trtecHAtJt c JT 

6 3Mfc I> ... 

l 


$ZMiC4Ot>4C.T0d. ASS£*t£UZti. 


FART 5 - DIRECT REQUIREMENTS FER MACHINE FER MINUTE 


(Byproduct Outputs) and (Utilities and Commodities Requirements! 


A 20 

Catalog Number 
(Expense Item 
Referentl 

C /0-J2- 3 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle) 

o. # i 7 

A23 

Units 

/cu>*4 

A21 

Requirement Description 
tft^eTALtc <*ry 

C Ztt. f 8 

Fbo 

CU . fT. 

t/e.'d'Ti i. A-rr a a) 

C 1(44 J> 

e.33f 

CU, f'T. 

k/AreHL, D.X, 

EM. iZe>o T> 

l.lz £-z 

fn At- . 

Piute Hvdi2«PLi/e4ic /tup 

i 

-fe* iSssJL- 

3.1+ E-Z 

OA C. 

Cc£c.7)CL«C4f A//cicffc Rustic aJ 


FART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products) 


A24 

(Product 

Reference) 

A28 

(Yield)* 

(%) 

A26 

(Ideal f^atio)** Of 
Units Out/Units In 

A27 A2S 

Units Of A26*** Product Name 

P- SUB-? 

fy.4 

t.* 

dCU. / SwSSUMir PATTE/La/CP ZUgST/tATC 

4 

.1 ' _ 

Prepared by 

A. 

Pavk. 

«... 


* 100% minus percentage of required product lost 

** Assume 100’i yield ‘icre 

**+ Examples: Modules/Cell or C_ 

reverse *;oe jpl 3037-s h io/?e 


SOLAR ARRAY MANUFACTURING INOUSTRY COSTING STANDARDS 


FORMAT A 


Note: Names given In brackets ( ] 
art the names of process attributes 
requested by the SAMIS III 
computer program. 

At Process (Referent) 2 2- 

A2 (Descriptive Name) SrAfTCA? 


-W 


PROCESS DESCRIPTION 


lit reoei'MION LAjlOKATOer 

Mi/mw Imimtit •! Tttimolan 

4000 0*4 C>n> Of / f*i*4tm*, CM 9110$ 


PART 1 - PROOUCT DESCRIPTION 
A3 I Product Referent) 


C.£m_ 


y 


A4 Descriptive Name ( Product Name) 


S C.€LX. 


AS 


Unit Of Measure (Product Unitsl 


c4£ t,c- 


PART 2 - PROCESS CHARACTERISTICS 

AS (Output Rate) (Not Thruput) ^ * Units (given on line AS) Per Operating Minute 

A7 Average Time at Station Calendar Minutes (Used only to compute 

(Processing Time) in-process inventory) 

A8 Machine "Up" Time Fraction °‘,7 . Operating Minutes Per Minute 

(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


A* Component (Referent) 

A9e Component (Descriptive Name) (Optional) 


£CT- FVC»U 
ScSc.T 


A10 Base Year For Equipment Prices (Price Year] 

A1 1 Purchase Price ($ Per Component) (Purchase Cost] 
A12 Anticipated Useful Life (Years) [Useful Life) 

A13 (Salvage Value) ($ Per Component) 

A14 (Removal and Installation Cost) (S/Component) 


/f/c? 
6o vo o 
X 


/for 


Note: The SAMIS III comouter program also 
[equipment tax dvpr-xiaticn method , and tn 

UM 0.0. (1975. 6.0), DOB. and SL. 


f V J mats for the (payment fleet irterva'! , the [in'lT.; ;n r;t» t? 1 ’'-’’ , the 
..pmer.t nook aenrecation metnooi . in i"" - jA.V • . ■ •••••»*•< 


J*L 3C37-S mi 
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Format A: Procau Description (Continued) 


A18 Procau Rafarant (From Page 1 Lina At) $> - ? 

PART 4 - DIRECT REQUIRfcMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Parsonnal) 
(Facilities and Partonnal Requirements) 


A16 

A18 

Alt 

A17 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine (Par Shift) 

Unit! 

Requirement Description 

Referent) 

(Amount per Machinel 



4ZO<*4 D 

/6I 

Tt. 

8 ?* 1C J> 

o.r 

SetfAi/smfr 

Semtca* to *.1 e/t. Atsemtuii. 

8 771 6 D 

°il 

/idJLfX 

.SHAt/VT.j... 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs! ^pd {Utilities and Commodities Raquiraments) 


A 20 

A22 

A23 

A21 

Catalog Number 
(Expense Item 

Amount Required 
Per Machine Per Minute 

Units 

Requirement Description 

Referent) 
C i* 3 2. S 

(Amount per Cycle) 
o.t? 



c zilt 8 

Jo o 

CU. Fr. 

t/£/VTa-flT<dA/ 

£ 141 C D 

H..C 

tu . rr 

N tT*-6 6 i?A/ 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A25 

(Product 

(Yield)* 

(Ideal ffatio)** Of 



Reference) 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

N - CtSu.-* 

91. t 

/. © 

cCU / cea 

A/r Soc AJtcet L 

/ 

/ 

Prepared by 

£ . A . 

PfL'ttfl. 


Data . 


« tOO'-'i minus percentage of required product lost 

** Assume TOO' ' yield I'ere 

*** Examples: Modules/Cui! v.i Cc 

REVERSE SIDE jet. 3037-S « 10/78 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


-JH 




FORMAT A 


PROCESS DESCRIPTION 


jct rmopridioN lmomtoii 

CMmir Uiiiirit »f Trthrrlttt 

MM (M Gnu Or I Pnrdrmr. CM 9110$ 


A1 Process (Referent). 


CtPfCi. -9 


Note: Name* given In bracket! ( ) 
art the names of process attribute* 
requested by the SAMIS ill 
computer program. 


A2 (Oatcriptiva Namal cT<Cdig*J ft-ArC 


PART 1 - PRODUCT DESCRIPTION 
AS I Product Rafarantl C - Cgit. - f 

A4 natgflptiw Mam>lPrnrt..r« M*m«) CaPPS-ft Pl-A'T gP SOt.^4 CC CL i*J /T<V 

P^*rccjrrnre caP 


AS 

Unit Of Measure (Product Unitsl 

C.£tL 


PART 2 

- PROCESS CHARACTERISTICS 



A6 

(Output Rate) (Not Thruput) 

2 . 4 . »r 

Units (given on line AS) Per Operating Minute 

A7 

Average Time at Station 

/<»/ 

Calendar Minutes (Used only to compute 


(Processing Time) 


in-process inventory ) 

AS 

Machine "Up" Time Erection 

0.1 4 

Operating Minutes Per Minute 


(Usage Fraction) 




PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


A9 Component (Referent) 

A9a Component (Descriptive Name) (Optional) 



Thlyc/Z 


c*fte<L 

M tc/Co~rflite 

Aura IATH 

PiATiA>t, 

PP-Yt/t 

4f.Pi-e.fsttSHAk.tfT 




*1 „ 


A10 

All 

A12 

A13 

A14 


Saw Year For Equipment Price* (Price Year) 
Purchase Price ($ Per Component) (Purchaae Cost) 
Anticipated Useful Life (Years) (Useful Life} 
(Salvage Value) (S Per Component) 

(Removal and Installation Cost) (S/Component) 


ll 9o 


f 


4-. r<n> 

i.m 


/f ft> 




g 


ZjT 


So 


into 


SO, JPO 


g 


So • 


too 


Note: The SAMIS III compeer program j’&r, o 1 . « fer :*■" '.pavment float interval) , the (inflation ntr tN- 

(equipment tax depreciation r etnooi , *:■■> y ..pmc-.t r depreciation metr.oa) . In me LSA &—'•*• ; Ui . .••••** •« 

use 0.0, (1975. 6.0), DOB, and SL. 


JPL 3037 -S n i 


Format A: Process Description (Continued) 


A16 Process Referent (From Page 1 Una At) , 


crof/c*. -8 


PART 4 - OIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 


A16 

Alt 

Alt 

A17 

Catalog Number 

Amount Required 



(Expense Item 

Par Machine (Per Shift) 

Units 

Requirement Description 

Referent | 

lAmount per Machine) 


me*, sffite C'r'tPe a) 

Alou 4D 

tSi . 

S<U . FT. 


f 7 ? 7 6 -?. 
g T> 


C £- -Z. 




JJL 


0 


MiCC *£M*S4± IX .£fC .if .«£/*! fi.g* 


PART S - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 


(Byproduct Outputs) jmd (Utilities and Commodities Requirements) 


A20 

Catalog Number 
(Expense Item 
Referent | 

C / O 1 ^ 1? 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cyclel 

a . “SlT 

A23 

Units 

fcuJW 

A21 

Requirement Description 
£V^oT4£.»c rty 

C 2-f 2-J 5 

. 

Poo 

cu . 

VCaJ-t/cA Tio«J 

C It 44 J> 


©. $3s 

co , Pr. 

A/ATt* . P 2 . 

et? 2- too J> 


e.ti£-z 

(»4U 

Et^cTfitess SbtuTiaJ 



C.C t£-3 

6AL. 

//Vt /M£/£s <6*J Ttn) Sdiorio** 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A2S 

(Product 

(Yield)* 

(Ideal l^atio)** Of 



Reference) 

<%> 

Units Out/Units In 

Units Of A26*** 

Product Name 

*■ - C£cc - ? 

* 9.4 

t.O 

tSu / efti, 

Sr a/ T£fi£P S4Ul£. 

/ 

L : - 

Prepared by 

*.A. 



Date 


* 100% minus percentage of required product lost 

** Ajsunio 1?? , p-'f time 

**• Example^. Modulci/Cei! or Cj! . 


.rigwalpagbb 

V POOR QUMaTY 


navanscsioc jet x»37-s mom 


1 164 


iOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


+ 1 




FORMAT A 


PROCESS DESCRIPTION 


JiT riOmilON lAIOHAtOII 

CM— it hi !•*•<« *1 r». *•»/«#> 

ASrtrt 0«A C'ti f Or /fairfiM C«M 91/01 


At Proem I Referent] ££jJiJLT—L 


Not*: Names given In brackets [ ] 
art tha namn of precast attribute 
requested by tha SAMIS III 
computer program. 


A2 (Descriptive Name] £<-£c-r <-«c 41 TTE*T oar Sec/I< C£tu.S 


PART 1 - PRODUCT DESCRIPTION 
A? ( Product Referent! T ~ L C - ? 


A4 n— r>rlptii,» /U«m»(Prnrf.w-« Mim.| TCSTCb 56i~A£ CCCt- 


AS 

Unit Of Measure (Product Units] __ 

CELL 


PART 2 

- PROCESS CHARACTERISTICS 



AS 

(Output Ratal (Not Thruput) 

/ f. 1 

Units (given on line AS) Per Operating Minute 

A7 

Average Time at Station 

o. i r 

Calendar Minutes (Used only to compute 


(Promsing Time) 


in-process inventory) 

A8 

Machine "Up" Time Fraction 

o,9f 

Operating Minutes Per Minute 


(Usage Fraction! 




PART 3 - EQUIPMENT COST FACTORS (Machine Oescnptionl 
AS Component (Referent! , 

ASa Component (Descriptive Name! (Optional) 


Aid Base Tear For Equipment Prices (Price Year] 


Sot^AtC CSL C 
'TersTgrC 

t1*o 


All Purchase Price ($ Per Component) (Purchase Cost) — 


A12 Anticipated Useful Life (Years) (Useful Life) 
A13 (Salvage Value] (S Per Component) 

A14 (Removal and Installation Cost! (S/Component) 


Z. 


4-oo 


Note: Th. SAMIS III cotruv.rer nroor. -i .-.Iso cro'rnts to/ th*> ip.»,m'-r; I'.vt 
(equipr t ‘„tx vjtfpfi'Cidtion n*i >* ' . j* “d tr»$ C* z-o* cr f V(‘! ? 

urn 0.0. 0975. 6.0). OOB, an* SL. 


I'KXrfNAL PAGE IS 
^ K)OR QUALITY 


.rjpr, r 3 { a table] , the 
■* o A *V content 


JVL 3037-S n 
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Format A: Froctw Description (Continued) 


A1S Process Referent (From Fag* 1 Lina A1) C£i- T%t - 8 


FART 4 - DIRECT REQUIREMENTS FER MACHINE (Facilitinl OR FER MACHINE FCR SHIFT (Personnel) 
(Facilitiat and Personnel RaquiramtntiJ 


A1S 

Alt 

Alt 

Catalog Number 

Amount Required 


[Expense Item 

Per Machine (Per Shift! 

Unit* 

Referent | 

| Amount per Machine) 


42*04 D 

4© 

*9 _,.pr. 

S3 • **>_ 

o .OCT 

FIE <44 a lAntfr 

L. 

sre -?. 



A17 

Re quiremen t Datcription 

6 . a) 

ec&CX*4QtCS MAiaJT. ,»AaJ 


FART 5 - DIRECT REQUIREMENTS FER MACHINE PER MINUTE 

(Byproduct Outputs] §i\d {Utilities and Commodities Requirements! 


A20 

Catalog Number 

A22 

Amount Required 

A23 

A21 

(Expense Item 
Referent! 

Per Machine Per Minute 
[Amount per Cycle) 

Units 

Requirement Description 

C|o?i B 

2 S <£-2. 

KUiti 

Ccec.T<ie «r/ 


FART 6 - INTRA-INDUSTRY PRODUCT(S) REQUIRED (Required Products] 


A24 

A28 

A26 

A27 

A2S 

(Product 

(Yield!* 

[Ideal Hatio)** Of 



Reference! 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

C -cCcc - 8 

*4.o 

/.& 

CCtc/ Cfic*. 

£u PtA-rdb S6Wtt C€n. 

- - / 


Prepared by 

£ .A , Pjt'roZ. 

Dam 


* 100% minus 

** As.... ' 'y.' 

*** CA>.niplc.; 

percentage of required product lost 

V 1 * - •’ 

4 '** • > ■' ■ « , . 

'•lUUUIVJjWU: >v t y-/ - ' 1 ItUlbll 

navense sioe 

jet soar -a morre 
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FORMAT A SET III 
FOR 

5 MIL THICK SLICES 


l o 7 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


-Ita 




FORMAT A 


FROCESS DESCRIPTION 


C/\ | lit riOM LIION UlOMIOIf 

II CM*"* m l*un*t* #1 
“ itOCl M Cm* D* / f*t*d.mt, CM 91 IOt 


St/ctf- S’ 


Note: Names given In brackets ( ] 
mNmmi of proctu attributes 
requested by th* SAMIS III 
computet program. 


A1 Process ( Referent) „ 

A2 (Descriptive Namcl SuciVCi ^ At/c 

gji/Qt, M0L.Ti*i.e; uicer sAcu 

FART 1 - FROOUCT DESCRIPTION 

A3 I OmiHim!* R.l.«nt) y* A fS &■ - S 

A4 ftawlptlw Him. | P>r./4..r« Mam*| 'T ACC j Aj t H 7> I A Mere /C.' t S' MIL. 

u//i feci. ’ 


AS Unit Of Maaiura (Product Units). 


SguAg.C MCTSU 


FART 2 - FROCESS CHARACTERISTICS 
A6 (Output Ratel (Not Thruputl 


Sit €-3 


2to 


A7 Average Time at Station 

(Processing Time I 

A8 Machine "Up" Time Traction 

(Usage Traction) 

PART 3 ~ EQUIPMENT COST FACTORS [Machine Description) 


0.10 


Units (given on line AS) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process > tvcntory) 
Operating Minutes Per Minute 


A9 Component (Referent) 

A9a Component (Descriptive Namel (Optional) 


SAul 


Ul.itg 


Z 0,0*0 


AIO Base Year For Equipment Prices (Price Year) {171 

All Purchase Price ($ Per Component) (Purchase Cost) 

A12 Anticipated Useful Life (Years) [Useful Life) 2 . 

A13 (Salvage Value) <S Per Component) 2 


A14 (Removal and Installation Cost I (S/Component) ^i 6 *° 


Note. It'. " V,*I3 III corn-*. >.<r nr,x:r v- alio promoti for the [payment float interval' the 'in'^von rate table! . the 
(equipment U<» <JeP'*rCi«»io‘i r n< f *di . a*..; :re tequipment r.:oK (tnereraten r-rtrer ■ . !•• vr l. >- SAV.iCb cu«tr*t, 

use 0.0, (1975. 6.0), DOB, and SL. 

Jft J037-S m. 


1 68 


Fermat A: Proem Otichption (Continued) 


A1S 


Proem Referent (From Page 1 Line A1) 


$LicC -S’ 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements] 

A16 Alt Alt A17 


Catalog Number 
(Expense Item 
Referent | 

A 2-Q fa 4 E 
S iote D 
B I'J 3<> T> 


Amount Required 


Per Machine (Per Shift) 
(Amount per Machine) 

Units 

Requirement Description 
M F6 . sFActf CVyFif A ) 

4° 

sa . FT. 

o.l 

P<g£.UN A*ilFT 

$CMtc« ntD» C7<Ui. ASiCA*lL€£. 

3 43 

At Sillier 

HAt»T. filer , ffMfJ L_ 


PART 9 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 


(Byproduct Outputs] and (Utilities and Commodities Requirements! 


A30 

A22 

A23 

A21 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent ] 

(Amount per Cycle) 



C lo3z S 

d.oon 

l<ud W 

SctTcrAi c < ry 

C /»/<* 8 

• o.iS4 

C«J . FV. 

J>*/M cC s T / c UJflTCrC 

ft /o©« 1> 

8. 29 

U Al |T 

SAW s uPft-i&S 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products) 


A24 

A28 

A26 

A27 

A25 

(Product 

(Yield)* 

(Ideal F\atio|** Of 



Reference] 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

U06 or 

o 

/. 3/3 

5 <31. M / 1c <o. 

*THe£JL iU. 




/ 

Sreaconf /Af60T 

/ 

Prepared by 

/£ 4 . 

P<-YOf£- 


Date 


* 1 00 % minus perc?nt;iq<; of required product lost 

An ' ’JV ; 1 J > t’ 

^ ^ p 1 1, ji u«' 1 - . v* / *Vil f C f ■ 


navcnsESioE jet. 3oi7-s mo/ra 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


-U 




FORMAT A 


PROCESS DESCRIPTION 


iiv reorri.siow ummioiv 

CWi/hw Imimi* *1 Ttt tmaUif 

4tntt Om » Com# Of I Ffititf, CtM 9II0J 


A1 Proem | | S 


Not*: Names given In bracket! ( ) 
era the names of process attribute* 
requested by the SAMIS III 
computer program. 


A2 (Descriptive Namel /TT £X TV^-C- C.TC.N An>D ^C«£TC.H 


PART 1 - PRODUCT DESCRIPTION 

A3 1 Product oT CK 5 t>g S' 

A4 Patcrlptlxe Name i Product Marne) Tig XT (j£-(S &fc44Cb gUf3T~^r4<g 


AS Unit Of Measure (Product Unitsl ts T'C-zf 


PART 2 - PROCESS CHARACTERISTICS 
AS (Output Rate) (Not Thruput) 


SZ. 8 


9o 


A7 Average Tim* at Station _ 

(Prorating Time | 

AS Machine "Up" Time Fraction 
(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


0-1 3 


AS Component (Referent) 

ASa Component (Descriptive Name) (Optional) 

A10 Bate Year For Equipment Prices (Price Year] 

All Purchase Price (S Per Component) (Purchase Cost] 
A12 Ami ,-ated Useful Life (Years) [Useful Life] 

A13 (Salvage Value) ($ Per Component) 

AI4 (Removal and Installation Cost) (S/Component) 


Units (given on line AS) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 

'Te-re'itc.jC 

'T £jcrTu£JZ- 

g-Tc^/Alo 

HooS I 

U7 1 


S’.doo 

/. 

th*: (parent float interval! , the Untliv-n rate table) th» 


Note: The SAMIS lit computer oroonm also orciruu for 
(epuipment tax depreciation metnoci , and tre ■ Jipmjnt book ScPrecaticn ’■nctr.oai . in lit# i jA iAV> « 

use 0.0. (1975, 6.0), DOB, and SL. 


J*L 3037— S n I ' 


1 70 


Formal A Procat* Description (Continued) 


Alb Proceu Referent (From Page 1 Line A1) Tg V C/T H - 5 


FART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 


(Facilities and Personnel Requirements) 

A16 

A18 

Catalog Number 

Amount Required 

(Expense Item 

Per Machine (Per Shift) 

Referent) 

(Amount per Machinel 

AlO<,4 D 

(2,0 

B7o?i. p 

o.f 

S 3930. D 

o.cr 


A19 


A17 


Units 


Requirement Description 


fr, MFc, s PAce (jrt»e ,4 ) 

P£AS%»Art7r>T SG4nc4Ai**t.no / t ASi^gcd/l 
PePS*fi/s HiKr MA tN7 . <- c iL 


PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and (Utilities and Commodities Requirements! 


A20 

Catalog Number 
(Expense Item 
Referent) 

C I® P 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cyclel 

o. or 

A23 

Units 

ICojH 

A21 

Requirement Description 
Cc«5 c,t£.ic try 

ezi z f B 

* /*»*o 

c U. p-r. 

ve.AlTicAT-ttAi 

CH 44 D 

Q.gJt& 

cu.Fr. 

u>A tg/Z . J> X . 


eh 1 JCe D 

4.0 C- t 

fcG 

Potassium HTtfCoA./ P€ 

e isrz t> 

0./I2. 

64 c 

IS oPPoPyl Alcohol. 


£ l(*ee P 

o .<4 

LK 



PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A2S 

(Product 

(Yield)* 

(Ideal Ratio)** Of 



Reference) 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

U/4F£<- ^ 

fl.a 

2 , / ? 3 e 2 

SnesTttA^ Sa M 

FVi/e /W/t 4"fFi£/£ 


/ 


7 


Prepared by A , 0#tt 


* 100% minus percentage of required product lost 
*♦ Assume 100°.'. yield i>cre 
♦♦♦Examples; Modulos/Cu! or C<; 


never se side jet. oojt-s n io/7» 


SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


s 




FORMAT A 


PROCESS DESCRIPTION 


iiT raort'LtioN luomtoii 
Ctltltntt (•«•»*<» •/ T>< *••/»«> 

4WM Oil firm i> / faiWiM, M( >110/ 


A1 


Proem (Referent) 


Ion) 


5 


Note: Names glvan In brackets { ] 
art the name* of procau attributes 
(•quested by tha SAMIS III 
computer program. 


A2 (Descriptive Namel tM Pi~AfiJT~ ^ A) P 


PART 1 - PRODUCT DESCRIPTION 

A3 I Product Referentl ^ s 

A4 D— eriptitf* M»m« i Prnriuct Mmi»| l&) PC-ftAj T C- ff ^ Q8 S T TC* 


AS Unit Of Measure (Product Units] 5> O B S T^ATf 


PART 2 - PROCESS CHARACTERISTICS 

AS (Output Rata ](Not Thruput) 3 . 3 2. % Units (given on line AS) Par Operating Minute 

A? Average Tima at Station *7 . 5 Calendar Minutes (Used only to compute . 

(Processing Time] in-process inventory) 

AS Machine "Up" Time Fraction O. 9 £ Operating Minutes Per Minute 

(Usage Fraction] 

PART 3 - EQUIPMENT COST FACTORS [Machine Description] 


A9 Component [Referent] 


imPl-A rire*L 


Ada Component (Descriptive Name] (Optional) 6ltflg<oA> 

ioaJ 


A10 Base Year For Equipment Prices [Price Year] 

All Purchase Price ($ Per Component) (Purchase Cost] 
A12 Anticipated Useful Life (Years) (Useful Life] 

A13 (Salvage Value) ($ Per Component) 

A14 [Removal and Installation Cast! (S/Component) 


/fro 
4 f6, otro 
g 
/> 

0 

4. cm 


Note: The SAM IF 111 comm ter orocr .im also proi’ixs for the (n^ymer.* iloat 'r’T r rv:P 
(equipment t.i < ilecr-ciJtion ru-t* aci , a*o thj (equipment Cook appreciation mt-rrco; 

use 0.0. (1076. 6.0). DDB, and 6L. 


C-e f i" ,, :tic r * rate table! , the 
in 3AV. iCL content 


JfU 3037-S m 




1 


172 


Format A: Process Description (Continued) 


A16 Process Referent (From Page 1 Line A1) r o nj - y 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements] 


A16 

Catalog Number 
(Expense Item 
Referent | 

A ZoC 4 P 

A1S 

Amount Required 
Per Machine (Per Shift) 
lAmount per Machine) 
Zoo 

AW 

Units 

sa . ft. 

A17 

Raquirement Description 
tffib, SfiAce CTy fie fi) 

B3o9b T> 

1 


SCMiCotJ Olt-TOK. A<*e*1*c£f£ 

e?ito, t> _ 

o./S 


MA t *rr. sr 






PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 


(byproduct Outputsl and (Utilities and Commodities Requirements) 

A20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



(Expense Item 
Referent) 

Per Machine Per Minute 
(Amount per Cycle) 

Units 

Raquirement Description 

C lo?Z a 

0.41 

tCoo H 

€.c£<-r/Lic try 

C ZfZFB 

/ZOO 

c.o. rr. 

Uffn/Ti l-Ati drd 

<FO l«VC»o P 

7.0 7 £-(e 

eo, rr. 

iaIC 

e<3 //Z-4 P 

i.23 e-r 

Caj . f?r. 

tfodLo/O TtLi f~ l.uo £ / ,->£ 

C lol(, Z 

Z.oi 

co . p*r. 



PART 6 - INTRA-INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A2S 

(Product 

Reference! 

(Yield)* 

<%> 

(Ideal f^atto)** Of 
Units Out/Units In 

Units Of A26"** 

Product Name 

rex 50 J- S’ 


/.© 

SOtur/lA tf 

'Tiy.-riudS e-Tc^eJ* 




/ 

^^Zs-r/d/tra 


Prepared by fi-. A. 

P£yo& 

Data 

2 - 1 3 - 1 f 

* 100% minus percentage of 

** Assumt 1'.y . . •’ '-1 

required product lost 




* Example,*. C ? . > O' * 


i / > 


navEHSESioE jeL 3037-s nio/re 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


-f 


"3^ 


FORMAT A 


FROCESS DESCRIPTION 


lev riorixiioN ummtoiit 

Cd ilffi* Imimtu of 

4*00 Oft Cm* Of / fitdtmt, CM 9 110) 


Not*: Names given In bracken ( ] 
•ft the namai of procasi attributes 
requested by tfia SAMIS HI 
computer program. 


A1 Ptae— ■ (P.«.r«nt) _ t^tT-- S’ 

A2 iiwiprt.M.H (LebitT&iBoTtt* of 

tA40LA*nc.i> L.A9C£l 

a 

PART 1 - PRODUCT DESCRIPTION 
A3 (Product Referent | - S U R - S* 

A4 Descriptive Name (Product N»m»| PdPg p SQl ST^-r1T<T 


AS 


Unit Of Measure (Product Units) 


su8 5T<4re 


PART 2 - PROCESS CHARACTERISTICS 

A6 (Output Rate! (Not Thruput) . Units (given on line A5I Per Operating Minute 

A7 Average Time at Station Calendar Minutes (Used only to compute 

(Promsing Time! in-process inventory) 

A8 Machine "Up" Time Fraction O (o Operating Minutes Per Minute 

(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


A9 Component I Referent | 

A9a Component (Descriptive Name] (Optional) 


6LT-prc€ 


Beer 

ruiLAlALC 


A10 

All 

A12 

A13 

AI4 


Base Year For Equipment Prim (Price Year) 
Purchase Price ($ Per Component) (Purchase Cost) 
Anticipated Useful Life (Years) (Useful Life] 
(Salvage Valuel ($ Per Component) 

(Removal and Installation Costl (S/Component) 


nro 

go OOP 

? 

4, * o • 
/, roo 


Note. The SAMIS III computer prnni.im .-V - ■"•i.'ts for t;* n (payment float interval] , the (inflation rate t a b u l , th? 
(equipment tax depreciation method ! , •• ? ypuipmcnt r-ook denrecistion method ! . In Uie -JJA SA-V-Cb » 

use 0.0, (197b, 6.0), DOB. and SL. 


JPL 3037— S h ! 
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Format A: Proctu Dticription (Continued) 


A15 Proctu Rtftrtnt (From Pegs 1 Lint At) -Jr ye - “ * 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 


A16 

All 

A19 

A17 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine (Per Shift) 

Units 

Requirement Description 

Relerentl 

(Amount per Machine) 


M P(». ifAiC (r*Pe/}) 

A 2<3<*4 t> 

l<*J 

5CA . rr. 

8 T> 


paAsoAf’/iHirr 

Sg/H/ciA/Pocn*- A%%£*i£cC£ 

x> 

0.1 


wsrmamm ■ i— 



PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and [Utilities and Commodities Requirements! 


A20 

Catalog Number 

A22 

Amount Required 

A23 

A21 

(Expense Item 
Referent) 

Per Machine Per Minute 
[Amount per Cycle| 

Units 

Requirement Description 

c io3z e 

& .2 y 

IUjJA 

Cfc£ cr&mry 

c Ztt-g 8 

% / 0 O 

Co. PT. 

i/CAj'TtL* AT t A aJ 

€ (4 (C J> 

/O. <0 

c.o. rr. 

fJl T£o (y (T aO 


1 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products) 


A24 

A28 

A26 

A2V 

[Product 

[Yield!* 

[Ideal Ratio)** Of 


Reference] 

<%) 

Units Out/Units In 

Units Of A26*** 


A2S 

Product Name 


I -Sue- S' 3 


!■* 


Seo vrfcA-Tg /SQgSTgA -r c I^PLAion TH Sudsi x/tr { 

/ 


7 


Prepared by 


/£• A . fit. yog. 


Date. 


2-(«- SI 


★ 100% minuj percentage of reauired product lost 

•** Assume ! or ' ■ -' H Nv> 

*** Examples; .VuJulej/Ccll oi C:!!,/ 


NKVERSE SIDE JPL 3037 — # « 10/78 





SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


FORMAT A 


-» 


U 




PROCESS DESCRIPTION 


HI PHOPl'I.tlON LAIOMTOII 
Ut/mM loimtit ol Tttknthty 

4MO Otk Cm Of / fitdtmt, CM 91 tOl 


A1 |P a l»r«n«| _ $13 *<) 4 - S 


Not*: Name* given In bracket* ( I 
are the namat of procau attribute* 
raquaited by tba SAMIS Ml 
computer program. 


A2 | Descriptive Namel ^ ,L '* ff<i N ,TfC - l b£ V&P* \ 


PART 1 - PRODUCT DESCRIPTION 

A3 I Product Rafarant) Q S U 8 — S 

A4 Descriptive Nam* (Product M«m»l /4 aI 7/^^ t-gcrr^V «-4yg€ 5 / rFj) 

/TAJ SiTjt? tC 


AS Unit Of Measure (Product Umtsl Su6sT*-AT£ 


PART 2 - PROCESS CHARACTERISTICS 
AS (Output Rate I (Not Thruput) C { 0 , 


Cm O 


o. py 


A7 Average Time at Station 

(Processing Time] 

A8 Machine "Up" Time Fraction 

(Usage Fraction] 

PART 3 - EQUIPMENT COST FACTORS (Machine Description] 
A9 Component [Referent] 

A9a Component [Descriptive Name] (Optional) 


A10 Saw Year For Equipment Prices (Price Year] 

A1 1 Purchase Price (S Per Component) (Purchase Cost] 
A12 Anticipated Useful Life (Years) (Useful Life] 

A13 (Salvage Valuel ($ Per Component) 

A14 (Removal and Installation Cost] (S/Component) 


Units (given on line A5) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 

L.fot/P 


4- n/gg 
Lficut> 
Fu&tA ce 

n*o 


/<#<> . «>© • 



r 


¥ t 600 

L£1L 


Note: The SAMIS III comouter oro-oram also er^repts for tho (pas merit float interval] , the [inha’en rate ’able j , the 
(equipment ta.i depreciation methodj . and me ..ipment Dock depreciation metnooi. in pie u.<- jA^iON 

use 0.0, (1975, 6.0), DOB, and SL. 


Format A: Procast Description (Continued) 


A16 Process Referent (From Page 1 Line A1) ^ 3 N 4 » S' 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 


A16 

A18 

A19 

A17 

Catalog Number 

Amount Required 

’ 


(Expense Item 

Per Machine (Per Shift) 

Units 

Requirement Description 

Referent) 

(Amount per Machinel 


fitfb. $Pf\C€ (/7Y ' 

A 2o<»4 t> 

14 o 

S<L.F r .. 

Fiore. J> 

o.Z 

fleas* <4/SHiPr 

SCAltcofibocmd. A 

% 7774 t> 

o.l 





PART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outouts) end [Utilities and Commodities Requirements) 


A20 

Catalog Number 

A22 

Amount Required 

A23 

A21 

[Expense Item 
Referent] 

Per Machine Per Minute 
(Amount per Cycle) 

Units 

Requirement Description 

C/«)Zg 

/. A 

iCsttlH 

EuS-csTA-tc cry 

C ZiZf v 

<® r 

Co. F’r, 

L/ff attica T/a<\> 


Clio? Z> ‘ S.'i'S £ 3 CO. Ft. A rvtuterdr/t 6 AT 


CM (Zto T> 2.914 £-3 c u ■ f~-r. Pic,HC og.o SicMiyg 


1? I^7~° 

p 

l,SZ4£-Z 

I>« i_4_ AiU 

Q UA«&T% 

€ /Cr o * 

T> 

<• .a*)? C-7 



e /4f<* 

!> 

7.7UC C-*. 

Cu . Ct; 

KJ 1 *■**(,£ id 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED [Required Products! 


A24 

A28 

A26 

A27 

A26 

(Product 

(Yield)* 

(Ideal F\at io]* - * Of 



Reference] 

1%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

J>- 308- S 

99 J 

/. © 

sms tXATt / sedjTiiMir 

T>o?Ci> SUtfSTrCA7CL 

/ 




/ 


Prepared by 

£.a 

(Z 


Dim Z-'S-ll 


★ 100% minus percentage of required product lovi 
n A . < , • > 

*"*** Ex»ti >'tp V ( j . .yCt.i ^ . i w ( 

navensESioc jet aoar-s 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 






FORMAT A 


PROCESS DESCRIPTION 


m rnonxeiou laioiaioii 
4*00 Otk Ctttt O ! CM 9110) 


A I Proem | Referent | . 


PAtkn-s 


A2 l Descriptive Nem.| 5c< - tc ^6j> MfiHC 


Note: Names given In brackets ( ) 
are the names of process attributes 
requested by the SAMIS III 
computer program. 


PAtTC/Za) 


PART 1 - PRODUCT DESCRIPTION 

A3 I Product R#for«nt| k 5^8-5' 

A4 Descriptive Name (Product **TTCMZS> <. <) S S T€ 


AS Unit Of Measure (Product Units) . 


SugSTti-ATC 


PART 2 - PROCESS CHARACTERISTICS 
A6 (Output Rate I (Not Thruput) 


4-. i z 


3o 


A7 Average Time at Station 

(Processing Time) 

A8 Machine "Up" Time Fraction - 

(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS [Machine Description) 


1 . 1 . 


A9 Component (Referent) 

A9e Component [Descriptive Name) (Optioned 

A10 Bate Year For Equipment Prices [Price Year) 

All Purchase Price ($ Per Component) (Purchase Cost) 
A12 Anticipated Useful Life (Years) {Useful Life] 

A13 (Salvage Value) ($ Per Component) 

A14 (Removal and Installation Cost) (S/Component) 


Units (given on line AS) Per Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 



ETrcWc f? 

DCGiS-S 

5creeevj 

€.rcM 

PCtkteASEA. 


pfaOD 


AMD &Ak£ 

DtLvCt 


(9 Vo 

/9t° 


/Pooa 

7. roo 

7 ,ow> 

S 

? 

S 

o 

zs 

o 

S&o 

ST 

Sroo 


Note The SAMIS III computer pr'KU mi u "• f?r tfv [payment float Interval ), the (inflation rj*e tJlr'e: , the 
(equipment tax depreciation method ( J trv • ; cmc - ", r •: a<: ircciation mrtricoi . In tii* i.SA v h ■ 

use 0.0. (1975. 6.0), DUB, and SL. 


jet 3037-S R1 


Format A. Process Description (Continued) 


AIK Process Referent (From Page 1 Line A1) 

W - 5- 


FART 4 - DIRECT REQUIREMENTS FER MACHINE (Facilities! OR FIR MACHINE FER SHIFT (Personnel) 

(Facilities and Personnel Requirements) 



A16 

All 

Alt 

A17 

Catalog Number 

Amount Required 



[Expense Item 

Per Machine (Per Shift! 

Units 

Requirement Description 

Referent) 

(Amount per Machinal 


/MFt. sF4cr Crvfe a) 

Az*L4 D 

(44 

&A . Ft. 

Z> 

2 


Sa*Lt^r*iii<tc.TctL 

f - 

(\_o.S 

pea**>i/*HirT 

MA tN T.. - 



FART 5 - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputsl and [Utilities and Commodities Requirements! 


A20 

Catalog Number 
(Expense Item 
Referent) 

C, /c?z B 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle) 

e>. 2 •S' 

A23 
Units 
J£v>J M 

A21 

Requirement Description 
ft Cc^T/ZietT? 

C Z/Z* % 

• Poo 

CM. PT. 

VZ+iTiCAT/ o*l 

£65V<so p 



/Z/f*> t s T WAP 

rruo "b 

i.ire-i. 

OAL ■ 

PlCHtoeoMCTAA/Ue SaCVtf/vT 

C H44 J> 

0.20 

eu rr. 

U»/»Ttf/2 . 3> X . 


j 

1 


FART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

(Product 

A28 

(Yield)* 

A26 A27 

(Ideal Ratio)** Of 

A26 

Reference) 

(%) 

Units Out/Units In 

Units Of A26’** 

Product Name 

AH-SOB-T 

92- 1 

/. o 

Sqffjfr/ta-ne /‘uSstK/oe 

Ad ca^reii <,vlsr/ZAu 


/ 


Prepared by Date Z-lT-Sl 


-* 100% minus percentage of required product lost 

, ■ 'i 

Examples. Modulcs/Ci-i! u. C : ; • 


ORIGINAL PAGE IS 
OK POOR QUALITY 

REVERSE SIDE JPL 3037 -$ r tO//b 


SOLAR ARRAY MANUFACTURING INOUSTRY COSTING STANDARDS 


"IP 




FORMAT A 


PROCESS DESCRIPTION 


itt riomuoN uwutom 
CJlt**** /•!»<»• ot 

4»00 0*tc>»> Or / Crltl 91 lot 


Nett: Names given In brackets ( ] 
are the names of process attributes 
requested by the SAMIS III 
computer program. 


At Prooaaa ( Referent) fJlf.GGiz.ZJL 


A J (Descriptive Name) & J A'lClQi 


PART 1 - PRODUCT DESCRIPTION 

A3 (Product N ~ CCt-U - S 

A4 Descriptive Name (Product Name! cltgt ?LATCJ> SocA£ 


A5 


Unit Of Measure (Product Unitsl 


CCcc 


PART 2 - PROCESS CHARACTERISTICS 

* 

A6 (Output Rate) (Not Thruput) _ Units (given on line AS) Per Operating Minute 

A7 Average Time at Station Ut Calendar Minutes (Used only to compute 

(Processing Time) in-process inventory) 

A8 Machine "Up" Time Fraction f? M r Operating Minutes Per Minute 

(Usage Fraction) 

PART 3 - EQUIPMENT COST FACTORS (Machine Description) 


A9 

Component (Referent) 

kit fuA-TGlL 


/C£0l£*J 

A9a 

Component (Oescnptive Name) (Optional) 

kJtCiceu 

Mtc £o*/AUi f 

Attro &AT*t 



Anri aK» 

P*.te.4 

<t£PUA*SilM£AiT 



H«» 2> 


SYS rent 

A10 

Base Year For Equipment Prices (Price Year) 

/97 1 

rtU 

/9H 

All 

Purchase Price IS Per Component) (Purchase Cost] 


S’ oa 

5‘ooe 

A12 

Anticipated Useful Life (Years) (Useful Life) 

i 

i 

* 

A13 

(Salvage Value) ($ Per Component) 

4,f(e3 

2- S’ 

Z-S-o 

A!4 

(Removal and Installation Cost | (S/Ccmponent) 


ST© 

4o« 


Note: Tho f.A?,MS HI ror.v>i,><- Dn-.r : • j. k o Drcr.jts tor the (payment f'ert inn rv.'H the f ir“’tion rate table) , the 
(equipment l»» Ueorecuhon m -\r v; -ie l equipment t.ock dcorecistscn -'rtner; in w LJA 3 A V. ICS context, 
use 0.0, (197S, 6.0), DOB, and Ss.. 


JfL 3037-5 m: 
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Format A. Process Description (Continued) 


A1& Process Referent (From Paae 1 Line All 

AJ/c/ctfc - S 


FART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 

(Facilities and Personnel Requirements! 



A16 

Alt 

A1V 

A17 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine (Per Shift) 

Units 

Requirement Description 

Referent | 

lAmount per Machtnel 


SPAcff (TrPC A) 

4 t> 


Stt.fY. 


o. or 


AM /A)T. IV\CCHA*J< c jar 


i 

fC&ite/teitr 

Se:Mtc 40 tn<Lr*(L Ass£#tgu*a_ 


FART 5 - DIRECT REQUIREMENTS FER MACHINE PER MINUTE 


(Byproduct Outputs) and (Utilities and Commodities Requirements) 

s'- 


A20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine Per Minute 

Units 

Requirement Description 

Referent] 

(Amount per Cyclel 



C (012. C 

O. It 7 

(CUlH 

<**-Ccsnc.icny 


C ZtZ f (5 

»Ot> 

CO . ft. 

i/C.nl'Tl <- ilT| | */ 


®.3 

t. u . f* T. 

OJAreft . D.X. 

EM. IZc> o T> 

t.iz e.-z 

*'» Al_ , 

Diutc H'tdtZtPLOo&c Ac iP 


£>H /"ieo J> 

3.2+ C-Z 

OAC. 

A/ tc.ic.gc. town 





FART 6 - INTRA INDUSTRY PROLUCT(S) REQUIRED (Required Products] 


A24 

(Product 

Reference) 

A28 

(Yield)* 

1%) 

A26 

[Ideal f^atio]** Of 
Units Out/Units In 

A27 A25 

Units Of A26*** Product Name 

SUE. -5 

2 

/.« 

ceu. / Soeswn: Patk&ai£p svgsT/t/rre 

/ 

7 

Prepared by 

A 4. 


o.» r-ifn 


* 100% minus perct-nt.ige of required produit lost 
** Assume 100"'\ie!d •■'v.' 

**■* Examples. Moduios/Cc' . C* . ... 

ncvcnsc siot jet aoar-s n io/n. 




SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 




FORMAT A 


PROCESS DESCRIPTION 


nt raomsiow iabomtoii 
(WifmM lmnnnt if r#i *•■>/»»» 

S*M> Ott Cnif Or / f«Wr«, CiM 91 10 i 


A! Process | | - ^I^TfrA - 5“ 

A2 (Descriptive Nam*) S/AfTgAi 


Nett: Ntmta given In brack tti ( ) 
art the names of process attributes 
requested by die SAMIS III 
computer program. 


PART 1 - PRODUCT DESCRIPTION 
A3 (Product Rafarantl „ 

A4 Descriptive N«m« I Product Name ) 1 *'*'* ^ 


S CgL.i, 


A6 


Unit Of Maaiura (Product Units) 




PART 2 - PROCESS CHARACTERISTICS 

A6 (Output Ratal (Not Thruput) 4-7.*)^ • jj n | tt (given on line A5) Par Operating Minut* 

J gp 

A7 Average Tim* at Station Calendar Minutes (Used only to compute 

(Processing Time) in-process inventory) 

A8 Machine "Up" Tim* Fraction Z.lZ,— I Operating Minutes Par Minut* 

(Usage Fraction] 

PART 3 - EQUIPMENT COST FACTORS (Machine O*scnption| 


A9 Component [Referent) 

A9e Component [Descriptive Name) (Optional) 


Sir- FVCaJ 

gtft-T 


A10 

All 

A12 

AI3 

A14 


Baa* Year For Equipment Prices (Price Year] 
Purchase Price (S Per Component) (Purchase Cost] 
Anticipated Useful Life (Years) (Useful Life] 
(Salvage Value] ($ Per Component) 

(Removal and Installation Cost] (S/Component) 


if to 
&q »a* 
k 


{foa 


Note: The SAMIS HI computer prooram also aro •’•jis for the (payment float irterva 1 ] , ;,:e (inflvi r' 1 ' '.e ta’Hel , the 
(equipment tax dvprvciaticn metnooi . and thj «■- ....arrant dock aenrecutiiin metnooj . in ti*v j.- V- • "< *-.-vt. 

use 0.0. (1975, 6.0), DDB. and SL. 
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Fe/mil A: Process Description (Continued) 


Alt Proem Referent (From Page 1 Line A1) ^ /MTC^ - f 

PART 4 - DIRECT REQUIREMENTS PER MACHINE (FaciUtiei) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) 


A1S 

Catalog Number 
(Expense Item 
Referent i 
4Zo<»4 D 

Alt 

Amount Required 
Per Machine (Per Shift) 
(Amount per Machine] 

/*« 

Alt 

Units 

£<3L. Tt, 

A17 

Requirement Description 
SPACS (rut PS a) 


o.r 

/smfr 

Lit 

* 1714 J> 

dr i 






PART S - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) ^nd (Utilities and Commodities Requirements] 


A20 

A22 

A23 

A21 

Catalog Number 
(Expense Item 

Amount Required 
Per Machine Per Minute 

Units 

Requirement Description 

Referent] 
C f US 

(Amount per Cycle] 
o.lT 


Centres c /Ty* 

c Z!t,t B 

/t»o 

«u. 

l/B/VTt l. fl-rie/J 

£ 141 <.2> 

/*.«. 

C.O . f~T 

AT sTiCo 6 «e a/ 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products] 


A24 

A28 

A26 

A27 

A2S 

(Product 

(Yield)* 

(Ideal f^atio]** Of 



Reference] 

(%l 

Units Out/Units In 

Units Of A26*** 

Product Name 

IV) -Cffcc-S' 

*•7.7 

/. o 

efiu. / ect-i 

Afi SuAt 

/ 



Prepared bv 


Pit'tdO. 


. Date Z " ^ 


* 100% minus percentage of required product lost 

** Assume 100 yield (••'re 

*** Examples: IV!oduies/Co.l ui Cc 

ncvensE side jfl 3037 -a r to/re 



SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 






FORMAT A 


FROCESS DESCRIPTION 


Ilf PkOPI'I.IION UMMtOlf 

CWifmM Imnutit *t Tttkmthn 

40M 0«* Gut* Dr / C«W 91 101 


A1 


Process (Referentl if 


Now: Names given In brackets ( ] 
are the names of process attributes 
(•quested by the SAMIS III 
computer program. 


A2 (Dascriptiva Namtl c-T^-olCSS Co Si-Arc 


PART 1 - PRODUCT DESCRIPTION 

A3 (Product Referent) ^ CCCC. -S 


A4 Daacriptiva Name ( Product Namal . 

P<U-vttzrufe c.aP 


CaPPe.*£ f\~ATCt> S*«-4£ Cfft-L iOr-r#V 


AS 

PART 2 
AS 
A7 
AS 

PART 3 
A9 
A9a 

A10 

All 

A12 

A13 

A14 


Unit Of Maaaura (Product Uni til . 


C£ll. 


- PROCESS CHARACTERISTICS 
(Output Ratal (Not Thruput) 


2-4. to 






Average Tima at Station 

(Processing Tima) 

Machine "Up" Tima Fraction 

(Usaga Fraction) 

- EQUIPMENT COST FACTORS (Machina Da tcr.pt. on, 

CUfLATt* 


Units (given on line AS} Par Operating Minute 

Calendar Minutes (Used only to compute 
in-process inventory ) 
Operating Minutes Par Minute 


Component (Referent) 

Component (Descriptive Name) (Optional) 

Base Year For Equipment Prices (Price Year) 
Purchase Price ($ Per Component) (Purchase Cost) 
Anticipated Useful Life (Years) (Useful Life) 
(Salvage Valuel (S Per Component) 

(Removal and Installation Coat | (S/Component) 




T>&fC/Z 


M icd6*rrtoe 
pt-ve/t 


£crt,e/o 

Aoro 4Arn 
(jlS'-zn t satmgNf 


H«bt> 


&YSTCM 

el to 

t*Po 

efto 

fo.rae 

S-OO 

io t dtn> 

1 

8 

8 

4-.r<r» 

Z* 

So a 

t.r** 

fro 

foo 


Note: The SAMIS III computer prooram 


’ .'ts for t*'!* (payment float interval) , the (inflatic . rate tab’*. 1 ] , the 


(equipment tax depreciation metnod) , :n.> .ipnvnt pco* appreciation mrtnod). In tl.e LjA iAr.ticu; ...to. 

use 0.0. (197S, 6.0). DOB. and SL. 
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jet soar— s n m 


Format A: Proem Description (Continued) 


A1S Procoia Referent (From Page 1 Lina All 


FART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel ) 
(Facilities and Personnel Requirement; 1 

A16 Alt A19 A17 


Catalog Number 
(Expense Hem 
Referent I 

Att>c 41 > 

H22I&JL 

g 3o»6 T> 


Amount Required 
Per Machine (Per Shift) 
(Amount per Machine) 

ts<* 

«. r 


Units Requirement Description 

SCL.fT. S C-r'tPC a) 

#ie€,HA*JU rc ~~ 

7&J£s**/&Uirr SCmiccm fro cre<C i4s3g*tficAf 


PART S - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) and (Utilities and Commodities Requirements! 


A 20 

Catalog Number 
(Expense Item 
Referent) 

C (032 T? 

A22 

Amount Required 
Per Machine Per Minute 
(Amount per Cycle) 

© . -sir 

A23 

Units 

fcuJW 

A21 

Requirement Description 
Cc€c,7 4Lic try 

C B 

Poo 

Ci> . ft . 

X/e^J-rit.A T/<W 

C II 44 0 

0 . S'JS' 

co . 

. p.r. 

2- loo J> 

7.. M Z. 

G A L. 

£«~tfcT4ec.e*s c Soc. u-r<«vJ 

<?G ZLe«> 

I* >C <£ - 3 

GAL. 

//vj/MC/Cs reel t/a) socotioa; 






J 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A25 

(Product 

(Yieidl* 

(Ideal f\atio)** Of 



Reference) 

(%) 

Units Out/Units In 

Units Of A26*** 

Product Name 

&-C£u. - S' 

*9.2 

i.o 

cEu / efu 

S/AfT«e«rp 5<cA-e «u.i 

_ ./. 


Prepared by 

/I. 

P<Yi> ifL 


Date *''*'*' 


* 100 minus percentage of required product lost 

«■* A jS '.in - >’ 1 ’!? ,i'-H 

*** Example ■* . .'.lodulti/Cc!! or C :! I 

nevcnscsioE jet. 3037-3 n to/7? 
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SOLAR ARRAY MANUFACTURING INDUSTRY COSTING STANDARDS 


c 


(ff 






FORMAT A 

PROCESS DESCRIPTION 


JIT raON’UION UMUTOIT 
Mlfmit faiiMM* •( r*( *•»/•»> 

4*M O** Cm* Of / fmtdt—. C«W 91 101 


Nett: Names given In braekati ( ) 
are the names of process attributes 
re<« tested by the SAMIS III 
computer program. 


CetTST- S 


Af Process (Referent). 

A2 (Descriptive Name) 'TEST OF $sc^ C CCli 


PART 1 - PRODUCT DESCRIPTION 
A3 (Product Referentl T -ecu -S' 


A4 Descriptive Name (Product Name). 


Tgs«rgj> Set-AtC Cgct- 


AS Unit Of Measure (Product Units). 


Cgt_t_ 


PART 2 - PROCESS CHARACTERISTICS 
Aft (Output Rate) (Not Thru put) 


( f. 9 


Units (given on line AS) Per Operating Minute 


A7 Average Time at Station 
(Processing Time) 

A8 Machine "Up" Time Fraction 
(Usage Fraction) 


o. | S' 


o.lf 


Calendar Minutes (Used only to compute 
in-process inventory) 
Operating Minutes Per Minute 


PART 3 - EQUIPMENT COST FACTORS (Machine Description) 

Aft Component (Referentl CTTEStC* 

Afta Component (Descriptive Name) (Optional) 


S oo4<C ce l l 

'7e%TEft 


A10 Baas Year For Equipment Prices (Price Year) 


1*1*0 


A1 1 Purchase Price ($ Per Component) (Purchase Cost) r 


A12 Anticipated Useful Life (Years) (Useful Life) * 

A13 (Salvage Valuel (S Per Component) *°° 

A14 (Removal and Installation Cost) (S/Component) 


4-e.o 


Note: The SAMIS III comin.tt*’- nrnor.vi .1U0 prompts for the (payment float 'nr* the 'motion rate table) , the 
(equipmec; •_** depreciation tv.-: *>t , i.~es tne le^uipmant took oopresirtian m •. — i_.>~ SAM ICS context 

use 0.0. (1975. 6.0). DOB. and SL. 
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JPt 3037-S 


Format A: Proem Description (Continued) 




A1B Proem Referent (From Pip 1 Line A1) C£<- tst- S 


PART 4 - DIRECT REQUIREMENTS PER MACHINE (Facilities) OR PER MACHINE PER SHIFT (Personnel) 
(Facilities and Personnel Requirements) i 

A1S Alt Alt A17 


Catalog Number 
(Eiipeme Item 
Referent | 

JZ+G4 D 
8 Jo 
B 


Amount Required 


Per Machine (Per Shift) 
(Amount per Machine) 

6 o 

Units 

J>Q . Pr. 

Requirement Description 
14 P 6 . S A) 

o *7 



& e 

fitfV CSerdAHrarr 



PART S - DIRECT REQUIREMENTS PER MACHINE PER MINUTE 

(Byproduct Outputs) #nd (Utilities and Commodities Requirements) 


A20 

A22 

A23 

A21 

Catalog Number 

Amount Required 



(Expense Item 

Per Machine Per Minute 

Units 

, Requirement Description 

Referent) 

(Amount per Cycle| 



<■10 7 7. B 



C(_«c-T<eic iTy 


PART 6 - INTRA INDUSTRY PRODUCT(S) REQUIRED (Required Products) 


A24 

A28 

A26 

A27 

A25 

(Product 

(Yield)* 

(Ideal tytiol** Of 



Reference! 

(%> 

Units Out/Units In 

Units Of A26*** 

Product Name 

C -cCcc - 5 

44. o 

/.«» 

CCLc/ cccc 

Cu rt-A-TCO sou W. c«u. 

/ 



Prepared by 

&. A , 

PavoZ 


. Date 7-2 3-10 


* 100% minus percentage of required product lost 

** As >..~ ' ’ y.' y , ‘ rf ’ • ' 

^ ^ * Examples. w / • <>i< jf, 

nevEnsc sioe jfk jo.tr - s * w/m 


1 87 




EXAMPLE CALCULATIONS 
FOR DATA OF 
SAMICS FORMAT A SET II 
(8 MIL THICK SLICES) 
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.0080 in 


Av.>umpt ion'»: 

Slice thickness 
Kerf 

Ingot size 
Saw sat-up time 
Cutting time 
Saw cost 

Operator requirement 
Maintenance man requirement 
Raw water usage 
Electricity 

Proprietary saw supplier 
Slicing yield 


.0078 In. 

3 in. dla., 4 in. long 
40 min. 

180 min. 

$30,000 in 197? 

0.1 person/machine 
0.48 person/machine 
1 gal. /min. 

500 W/machine 
$. 0724/mi n. 

85$ 


A7: Cycle time 

Cycle time - set up + cutting 
= 40 min. + 180 min. 
= 220 min. 

Ab: Output rate 

4 . 0 i n 


1 


1.0080 + .0078) in/waf 220 min 

2 

3 in. dia. wafer -► 45.6 cm 


= 1.151 waf/min 


1.151 waf „ 45.6 cm „ 1m ^ ,, c „ ,„~3 2, 

X ; X -rrra — r = 5 . 25 X 1 0 m /min, 

1 0^crrr 


min 


waf 


_ 9 

5.25 x 10 m -3 ? 

- X 0.850 yield = 4.46 x 10 m*7mir. 
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SLICE-8 (Continued) 


A22: Direct requirements per min. 

Electricity: 500 W/machlne * 0.5 KW/machine 

0.5 KW X 220 min X J* X - r~ - 8.3 X 10" 3 KWH/min. 

oO min Z20 min/ ,ycie 

Domestic water: 1 gal /min. 

JL^ x M33Li£, o. IJ4 <t 3 /mln . 
min gal 

Proprietary saw supplies (abrasive, wire, etc.): $.0724/min. 

$.0724 ^ 7.24 units x $.01 
min min A unit 


A26: Units out/units in 


45.6 cm 2 output . , 0 .6» cm 2 /g 

45.6 cm x (.0080 + .0078) in X - X 3 input 

I n crrr 

10.69 cm 2 1 m 2 10 3 q = 1.069 m 2 

g i0^ cm'^ 1 Kg ~ Kg 


II / II 1 1 1-0 

Av.umpl ions: (Proprietary Process) 

Texture etch system including multi-tank chemical hood with microprocessor 
controlled walking beam system and microwave drying end station. Wet chemical 
tanks Include sodium hydroxide etching, texture etching, and rinsing stations. 

A6: Output rate 

Carriers containing 50 wafers each will be transported through the system 
at a rate of 3200 wafers per hour. 

— r ' tk — i — X 0.992 yield = 52.9 waf/min 

hr. 60 min. 

A7: Cycle time 

Average processing time for a complete cycle is 90 minutes. 

A 18: Direct requirements per machine 

2 

Required floorspace is approximately 200 ft ano one operator can run two 
automated stations. 


A22: Direct requirements per minute 

Electricity: 

Electrical demand is 3 KW. 
1 hr 


3 KW X 


60 min 


0.05 KWH/min. 


D.l. water: 


Deionized water demand is 23.5 £/min. 

23,5 1 X X • -•• 3 -~ v f = 0.832 ft 3 /min. 


min 


3.785* 


gal 
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ir.X f.TH-B 

ftch baths: 

formula Is proprietary. 

Usage rates are 

Sodium hydroxide 0.14 Ib/min 
Potassium hydroxide 0.066 kg/min 
Isopropyl alcohol 0.112 gal/min 

A26: Units out/units in 

Isu b gtrfl j e . „ „ 219>J substrates/m^ 

45.6 cm* m* 


192 


I ON- 8 


Av.ump I ions : 

Fxtrion Pre-Dep Ion Implanter M ~dcl 80-10 with options Including auto-load, 
data- log, low energy conversion, and service contract. The 1980 price 
quotation is $395,000 base plus $91,000 for the options for a total of 
$486,000. 

A6: Output rate 

15 -2 

At doses of 2 x 10 cm and below, maximum throughput is 400 wafers 
per hour (3 inch or 100 mm diameter). In this step both front and back 
of wafer are implanted In separate operations. This reduces the effective 
throughput to 200 wafers/hr. 

X ----- X .998 yield * 3.33 waf/min 
hr 60 min 7 


A7 : Cyc I e time 

Batch size for 3 in. or 100 mm wafers is 25. 


I hr y 60 min y 25 waf 
200 waf I hr J batch 


7.5 min/batch 


A 1 8 : D i rec f req u i remen t s per mac h i ne 

F loorspace : 

2 

Machine dimensions are 7.5 ft by 15.5 ft or 116.25 ft 2 * 4 ". Add to 

2 

this workspace to obtain 200 ft required. 

A22: Direct requirements per minute 

Electricity 

Demand is estimated at one half the face-plate power of 5Q kVA or 25 KW. 

1 hr 

25 KW X = 0.42 KWH/min 

60 mi n 


193 




ION-8 (Continued) 


Domestic Water: 


Requirement is 15 gal /min 


15^aL x OJ331H1 . 2 . 0 , ft 3 /min 
min gal 


Phosphine: 


Assume 5 mA beam current of 31P+ 
5 mA * 5 x 10" 3 coul/sec 


-3 

5 X 10 coul y 1 on y I molecuie 

sec * 1.602 x 10" ,9 co-i A (EFF) Ions 


y 1 q-mo le 22.414 £ y 60 sec 

6.023 x 10'" molecules g-mole min 


1 ft 3 _ 2.46 x 10“*ft 3 /min 


28.32 £ 


(EFF) 


where (EFF) is the ionization efficiency of obtaining 31P+ from PH^ gas, 
Assume (EFF) is 35$. 


Then PH^ usage is 


2.46 x 10 
0.35 


f t 3 /mi n = 7.03 x 10’ 6 ft 3 /min. 


Boron Tr i f I uor ide: 

Assume 5 mA beam current of 11B+ and (EFF) value of 20$. 


Then BF^ usage is 

2.46 X I O’ 6 ,.3, . . . „-5 . .3 , . 

q ~ 2 q ft /min - 1.23 x 10 ft /min. 
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DRIVE-8 

Assumptions: 


Watklrts-Johnson belt furnace with I r.put/output modifications at $45,000 
plus quartz lining system at $20,000 plus automatic load/unload apparatus 
at $15,000. Total I960 cost Is $80,000. 

A6: Output rate 

Furnace belt speed is 10 In/mln. providing 15 min. anneal at high temperature 
in 150 in. hot zone. 


Carriers of 50 wafers each are placed on belt at about 5 3/16 in. intervals. 


§7ifk X ^ X - 994 Veil - 96.0 


A7 : Cyc i e time 

Overall travel distance on belt (load-hot zone-unload) Is 300 In. 
300 in V = -30 min transport time 


A18: 


Direct requirements per machine 

2 

floor space: Equipment dimensions are 3 ft b\ 28 ft s 84 ft plus additional 

84 ft^ workspace. Total is 168 ft^. 
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S I 3N4-8 


Assumptions: 

Low pressure chemical vapor deposition of silicon nitride uses a conventional 

t 

hot wall furnace (such as Thermco) In a 4 tube cabinet. The system includes 
automatic digital temperature control with automatic temperature profiling 
'* using internal tube thermocouples. Each tube Is microprocessor controlled, 

r Closed loop gas flow control utilizing thermal mass flow controllers is 

employed. The vacuum system includes a capacitance manometer and vacuum 
throttle valve control, cryogenic trap, and a direct drive pump. 

Automatic boat loaders are used. Such a system costs $40,000 per tube in 
a 4- tube cabinei. (1980 dollars) 

A6: Output rate 

Using close loading (90 mil spacing), 250 wafers can be processed per 
run per tube. Hence, a 4-tube unit can handle 1000 wafers per run. Each 
run requires 60 min. 

1000 wafers „ 1 run w ^ , , , 

X 77! — X 0.992 yield = 16.53 waf/min 

run 60 min 


A/: Cycle time 

Total cycle time per run is 60 min. 

A18: Direct requirements per machine. 

Operators : 

One operator can run 8 furnace tubes. 

1 operator 4 tubes A c ^ , 

~ 8 tubes * ' °’ 5 “P era+or ^V=tem 
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■ 

!! 


1 


j 


SI3N4-8 (Continued) 


A22: Direct requirements per minute 

Electricity: 

Electrical demand Is 70 KW. 

70 KW X = 1.166 KWH 

60 min 

Oichlorosi lane: 

This gas is on for 20 min. out of 60 min cycle at flow of 60 cm 3 /mln per 
tube. 


6 P . ., c f!L . x jrjj - - m - j - n X — X 4 tubes = 2.824 X 10" 3 ft 3 /min averagj 

tube-mi n 60 min cm-* ^ 


Ammon i a : 


This gas is on for 22 min. out of 60 min. cycle at flow of 115 cm /min per tube. 

115 cm 3 w 22 min w 3.53 X 10“ 5 ft 3 „ „ . , _ „ .„-3 .3, . 

X ly, X r~5 X 4 tubes = 5.95 X 10 ft /min. averaq< 


tube-mi n 60 min 


cm- 


N i t rogen ; 


This gas is on for purging for 10 min. out of 60 min. cycle at flow of 3.3 SVmin 
or 3300 cm 3 /min. per tube. 


3300 cm 3 x 10 min y 
tube-min 60 min 


3,53 X 10~ 5 ft 3 


X 4 tubes 


7.766 X 10" 2 


ft /min averace 


PATRN-8 


Assumptions: 

Forsiund screen printer and I.R. belt drier at 1980 cost of $10,000. 
Exhausted chemical etch hood and microwave dryer at 1980 cost of $7,500. 
Ultrasonic degreaser at 1980 cost of $7,000. 

Output rate of 250 3 in. diameter wafers per hour. 

Operator requirement of on< icreen operator, one etch and degrease operator. 
Ab: Output rate 

t h r 

250 waf/hr X X 0.992 yield = 4.13 waf/min 

bO min 

A/: Cycle time per 25 wafer carrier 

Screen print 25 wafers X 10 sec/waf = 250 sec -*• 5 min. 

Bake -► 5 min 

Etch, rinse, dry -*• 15 min 
Clean (degrease) -> 5 min 

Total " 30 min. 


A18: Direct requirements permachine 


I loorspace: 


Screener 

12 

ft 

Belt Dryer 

20 

ft 

Hood 

18 

ft 

Dryer 

12 

ft 

Degreaser 

18 

ft 

Wa t kway 

64 

ft 




V Tota I 


144 ft 2 
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PATRN-8 (Continued) 


A22: Direct requirements per minute 

Resist wax: 


Wax coverage = 5000 wafers per gal. 


250 waf y 1 hr y 1 gal 
hr * 60 min 5000 w r-J. 


8.35 X 10’ 4 gal /min 


Solvent use: 


30 ga l 1 week y 1 hr 

week 40 hr 60 min 


1.25 x 10 


2 gal. 
mi n 
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NICKEL-8 


Assumptions: 

Walking beam plating system (Fluorocarbon) quoted at $83,260 In 1978. 
Microwave dryer costing $500 in 1980. 

Automatic plating solution monitor and replenisher costing $5000 in 1980. 
Walking beam capacity of 2 - 50 wafer carriers per station 


A6: Output rate 

Maximum time at any walking beam position is 2 min. 

2 X 50 waf/position _ 

— + s 50 waf/mm 

2 min/position 


50 waf 
min 


X 0.994 yield = 49.7 waf/min 


A 7 : Cyc I e time: 

i? min. time through walking beam stations (including load, HF etching and 
surface preparation, rinses, nickel plating, and unload) 

2 min. dry time 
14 min. total 

A18: Direct requirements per machine 

F loorspace: 

Equipment dimensions = 13 ft X 4 ft = 52 ft^ 

2 

Double to account for work space = 104 ft total 

A22: Direct requirements per minute 

Nickel plating solution: 

One gal of nickel solution contains 21.1 g of Ni. 

Af 80$ efficiency of Ni use, one gal can supply 16.9 g of Ni. 
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SINTER-8 


Assumptions: 

Watkins-Johnson belt furnace with input/output modifications at $45,000 in 1980 
plus an automatic load/unload apparatus at $15,000 in 1980. Total is $60,000. 


A6: Output rate 

Furnace belt speed Is 10 in/min providing 15 min. sinter in 150 in. hot zone. 
Carriers of 25 wafers each are placed on belt at 5.2 In. intervals. 

2 5 wafers „ 10 in 


5.2 In min 
48. 1 wafers 


* 48. 1 wafers/mi n 


min 


X 0.998 yeild r 48.0 wafers/min 


A7: Cycle time 

Overall travel distance on belt (load-hot zone-unload) is 300 in. 
1 min 


300 in. X 


10 in 


•• 30 min. transport time 


A 18: Direct requirements per machine 

l loor space: 

Equipment dimensions are 3 ft b 28 ft 


84 ft^ plus additional 84 ft*' 


wor 


e. Total is 168 ft . 
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COPPER- 8 


Assumptions: 

Walking beam motion plating system estimated to cost $90,000 in 1980. 
Microwave dryer costing $500 In 1980. 

Automatic plating solution monitor an replenisher control system costing 
$10,000 in 1900. 


A6: Output rate 

Each walking beam position has 12 carriers of 25 wafers each. Dwell time 
at any one position Is at most 12 min. 


12 carriers x 25 wafers 
batch carrier 


1 batch 
12 min 


= 25 wafers/min 


25 wafers 
mi n 


X 0.994 yield = 24.85 wafers/min 


A7: Cycle Time 


Des 

i red copper thickness 

of 

0.2 

mil and plating rate of 0.2 mil/hr gives 

one 

hr. required plating 

time. 



Copper plate 

60 

min 



Rinse 

12 

mi n 



Tin plate 

5 

mi n 



P.i nse 

12 

min 



Dry 

12 

min 



Total 

101 

min 

cycle time 


A 18: Direct requirements per machine 

F loorspace: 

Walking beam hood consists of Icjd/unload areas, plating tanks, and rinse 

tanks which are 3 ft. wide and total 12 ft long. Overall hood dimensions 

2 

are 4 ft by 15 ft, which is 60 ft . Chemical storage (plating solution 
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COPPER-8 (Continued) 


2 2 

reservoir) is 3 ft by 6 ft for 18 ft , Total equipment area is 78 ft . 

2 

Double this to account for work space. Hence, 156 ft . 

Maintenance man: 

Downtime is 1.5 hr every 24 hr. 

1 5 

Thus, Tj-j— ~ 0.06 maintenance man needed. 


A22: Direct requirements per minute 

Electroless copper plating solution: 

2 

Copper solution replenishment can deliver 12 mfl-ft /gal 

2 

Wafer coverage is 100? back and 8? front or 49.2 cm . Copper thickness is 

0.2 mil. 


Hence, 


49,2 cm 1 " 
wafer 


.2 . 2 

-r— r? X ttt”t ? X 0.2 mi I 

(2.54 cm) 14** in 


25 waf 


y v 

min 12m 


^ •f l T t^ = - 022 ' 3 a,/min 


I raners ion tin plating solution: 

n 

One gal. of tin solution can plate 200 ft* of surface. 


Hence, 


49.2 cm* - y 1 in 2 1 ft 2 1 gal y 25 wafers 

wafer '(2.54 'em)** 1 44 i n^’ 200 ft^ min 


.0066 gal /min 


D. I . water: 

2 gal /min. per rinse tank, 2 tanks, thus 

X 0. 1337 ft 3 /gal = 0.535 ft 3 /min 

E lectr i ci ty : 

Estimated demand is 21 KW 
1 Hr 

21 KW X = 0.35 KWH/min. 

60 min 
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CELTST-8 


Assumptions: 

A solar ceil tester comprised of a transport system, a light source, a test 
stage, a table top computer control system, a power supply, and monitoring 
meters is estimated to cost $ 56,000 in 1980 . 

This test and sort system is 3 ft. wide by 10 ft. long. 

A6: Output rate 

Each cell test (current-voltage characterization) requires 3 sec. 

60-sec x ) c e . 1 . 1 x 0.940 yield « 18.8 cel Is/min. 
min 3 sec 

The yield of 94$ is assumed to be primarily electrical rejection rather than 
mechanical breakage. 

A7 : Cycle time 

An additional 6 sec. is required for loading, unloading, and sorting each cell. 

Total time at station is 6 + 3 = 9 sec 

1 mi n w „ „ . r- t 

^ X 9 sec = 0.15 min 

60 sec 

A 18: Direct requirements per machine 

Floor space: 

2 

Floorspace requirement is twice the equipment space or 60 ft . 

Operators: 

It is assumed that 2 operators can run three such testers, one operator 
handling input substrates and the other removing output substrates. 

^ . -SP. e r , |l?. r .s = 0.667 operator/machine 
3 machines K 
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Cl I r.r-8 (Con t in noil ) 


Maintenance: 

Up time of 9b% or down time ot h$ means that 0.0 r > maintenance mechanic 
i s needed . 

A 22: Direct requirements per minute 

f lectricity: 

Demand is l.h KW. 

I.h KW X - .0/6 KWH /min 

60 min 


•:0b 


